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(54) h;i/i'»ffl«BRtfh;i^i'*ffliKBSflf«L&«ftyx7-:^7^7U>i^Jg|t 



(57) mm 

OB, [51Kfj|2 0CC. 
#fi#:&|ni{c-€©KSt4*t^-c->pf©«@SS?2 1 . 
2 2*i9:c*. -^(D^m^m 1. 2 2ra{c. fpfflh;!/ 

i'«:fS(;rfii^^*5^^frs/icr;Mi*gi52 s^mi. 

^ % . tSaSSP 2 1.22 ifeRS C i r7ms*jw# 




(2) 

1 

[i»««2] mmnc. fiiifi^*itiifc-soiSii*w 
M©»@5£si5Hcc. mh)\^i^icjtcxmm!mimit lo 

m^mz] it*^iX«i»*«2fBIS©h;ui'*lffl 
Hewitt. Miaxf r > i's^ ^ -;i'-c@aiiii«i^«:/r 

0-«5{Cjf5fiX tfc;^ 7*5 >M^Xtt-fe a > 
li^gp-c^O. luiB-*t©tSHSg|5©fa:^«> 

c i h J^^'lftffl«■4SttL.fc«^(lA7- 

bxmi wmmsa. » 2 aii5£gi5aio*fc» 3 jSHjesu* 

mamz -i^aitHSSisHKc. »2 •maigHSSP'&jg 

3 tiff ffl h ;i/ d' {cfS 0 r iiSt14*s^{fc-r S II 2 7lcXM 
^gUiKW. Ctie^l •»27lcX^*g|5©jaH{c. ^ 
1 •ll27lc^i5^g|5K:^DfclSli5S!im«:«aa«J(C*^m'r 

bxm 1 «15£SI5. m 2 MlSgpjfeO'K^ 3 MHSSP* 
c©Ji{cSW. |gtB|5ie#©Sffl(cmo0l .»2t!S@ 40 

iscf. cneni •Ii2fissiii©fia(c, m -irzis 

fch;i'4'«^a«S. 50 
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[ it*^ 6 ] n^m 4 xttit*^ 5 tats© hJi^^^m 
wsmt. mBT^^r -J^-ci^^$4alf^4/^ 

l/-Cli<g-rSf:i:*->||||-C*f5. KfK^ 1 ttSSaUB. 

mrgasft#«i^{ca*s-r5-<< iifBtri:*->«i©-ssi5 
(cjifiXb/c;^ 7*^ -f >^^aiXtt-fe 3 >*s^t? 
& *) V mriBll3 IftHSgPtt. ai)!l6$*SK:3iie-r.5 7 if 4' 

T> Kt:::.:t>««©t-:i->T*4C<t4!|$ffi[iT-5 
IS. 

[|6W©»lfflftKP] 

[000 1] 

[0002] 

4't^ll|J^B<!:LrB^<©«S*s*0. i<Dmmi> 

©iur ^-i/a>>'^•-*fflt»s:^*i*5. c©a© 

h;l'4'*IHi^aiLT». m««Fl3^7-33 308 
2^4i$ft rgyf6h^i/4'H2>-!>-j (ttT. rtj£3|5©J?JI5j 

[0003] ±IBfiE*©RMttlaIi^©S HC^SnS 
iiO. A^^*6 (#^tt^>f8«:ieiS3n/c*>©?:?lfflL 
!t. OTIsIi;. ) itli;^«7i©ffl?: h-'>3>A-8 

■caML. cneA- ffiij«i6. 7W©ffl>sffci;*ift% 

t^W3-f;W2a. 2 b-Ct^ffi-r5il^5fe©-C*S. C 

© h ^'t^^^igg«m«l>'^• 7 - f7 > i^j^ccstg 
/ro-CA • Hi:^«i6 . 7PBl{c{'ffflL/c^F;i'4'%h;w 

^^Lx^mum^mn im&y ■{->)> if) 

[0004] 

[mifimmb^^tti>mm ±ia«£*©srrf5Bh- 

i'3>A-8?rfla(,ifcfe©-C*S*>6. h;l'4'K:iSDt: 
h— >3>-'^•-8*ii^^;4afc^/cW. A-W^tte. 7 
ra{cta>pf9fj^j:ftS^fi*J^4T-2.. C©h;H't!^fflS|g 
im»^^ 7 f T V > i'S^gtc^lg L//cJa^{cB. X 

«T©B*rajin*i4Di. ^cc. mmcomcmcxm 

m\-)\'i>im>Siii>c6x. ;^f-T';>4/*-<-;u© 
)f£B*©f--^^3>>'^•-8©^al;n«»lt;*:■r■5. taCh 



3 

[0 00 5] *c-c*|feM®Sfi«j«. (1) V)\^i>m!& 

m^ct. St;. (2) tL<oj;:')ttv>i^m}t^^ 

[0006] 

[0 00 7] \-)\^i^^ms.<Dmmnt, yjii^M^m 20 

[ 0 0 0 8 ] 3 eccB, ->Pt©tS@SSBK:xm-?>?eM€: 
ftfW-CSiCi-C. lilElii©'5-^tt@5£SPra{CiE5i)i7lc 

«. lffflhJUi'{cjc;ori8^ttA5^{tr-5g|J»-c* 30 
s. i3iK«i{C7i^»aj*ia:wsci-c. 7tc^vffi*si5© 
sai^#ttfti^©ii.'^.tt. 7ic^;?f?:ff-^-rsB>r©M-*{c 

r«iuifsci-c. h;ui'©:^r(a)i:^ 

[0009] is*^2w. mMic, m&^ui^ic--^ 
(omm^m t r-M©aH3£gp^a:w > iHiiE«i©^fficc 

^i. c©]ssii©^ig(c. )8sie»:£D/cii^«^m 

[0 0 10] V)Vi;^m^m>Mmh\x V)\'^}<t}m 

ts. liIlgtt©*aDiaft*i/jNS<r*). h^bi'fcitvDTfiS 
Site* 0 •5ia^*4«lttSlJ-C«ltBr i c i {c J: -5 

[0011] S^fCt*. -M©«a5tgl5{Cl:ft-?>tS:B:4 
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ftiS©M*{3:. M^'S:f^-^-r.SBtr©s*K:j=tLt:rn 

[0 012] S^iCttc. liIS«l*«.Sh;H'«. «M 

SK:S**f^#r^)/cW©/jN3i,>fc©-c-rtJ. c©h;i' 
^ »li4glA'&^1iiiJ^-Ci|» < ^S. mMiR 

t,cm:Kfji hJi'i'iX:h-ti<imfi^tj:{.>(Dx. h;Ui'©W 
«B-)iS=i-c*0> h;i'i'©ffig^i«<-rsc 
i*5-C#*. liieflll^5»ttMl^t?iS<S.5.ga 

[0013] it^ 3 «. 1 X«»*3S2 SBig© 

•fe > i L TSSg L fcmsi)-'^• - ;^ f-r y > i'Sggr* 
&%m^i:rfbxm^t?>i:-^tymx$>*). -M<Dm 

[0014] sati-'<9-;^f 7 y ^i'Jigccstgufc h 
tic^mbtn^-»<Dmx$>6f}^h. wmvji^m'^m 
xf-r > --»i'©gi)i6{c*f u-ca*6«is©tt 
icftctcm^hJi'fim.sMxmmimm^^o-:^ 

*ji©tiJn(ci£;Dr»h;i'i'^aii>3-&^ci-c. x 
f-T >; > 5'^^ -Y -;i/©^i£;^Si?r if-r i ^ (C Lfcii^-C 
iiiE«i©*ai;nft*!ffifer/hs<r-rtf. c 

©A:*. ;^rr ';>y^^'f-;^^alt£L/fc<^:tCC, ^© 
[00 15] $6tC», [li£*|©X7-^^'>te^XB 

•b u-i^ 3 >ie^*i. -:&©S@Sg|5©s:fil^**a. 
[i^S«©t•^:^>*s. flfe;?©tSI[@^S|5©l9:W4«*aSJ; 
^«:0/c©-C. JM^^mimiiXt^ifcibOWm'MSli 
imi?>'mt)itj:^\ fie^r. @?£f4©BI!ltt4J:0W«) 

[0018] ^*l«4B. ilRttK:. ttfi**|6l{C-S 



mm h )\^^ictcicxmmm.i)mtti>m i ^icxm* 
si5?rS5s ctvmi 7t^m^^t[mf£i7i<.xmi^m 

[0017] hfi^^mmmommiit. h;ui'A^«ij 

[0 0 18] HI -02 -maMSgPfCgf 

WycI*^?6*4S*Ci-C. iHliftellliO^tHl -02 

• » 3«H5e8|5IBK:. StXCSa 0 M-3iE5l5:7lc^* 
?:f=t^l/fcSl •S271<^^M*gi5^i9:W/c. mi -^2 

a5^r*s. ilKliccmi •^27)c^^M*g|J*SW'5c 20 

i-C. mi • ll27mS*SI5©iaM^14ftiS<DIl*«. 

ifi. V)Vi^mmmifzis\.^xmtti>^<j>x^ti\t. 2 30 

[0019] ffi«^5 H> HHteWtC. «lS^:^|iilCC-« 

©iaiiii** 0 xm I m:&u. m 2 fesassp^cxK^ 3 

2tSHSa5lffl«c. ffffl h^WfCciEorSBaii^ttAilE^b-r 
S^i'+aji^^AjrfjHl •fr2^6@Sg|54«2,cirM 

V)\^^<<c]x:.\:,xmm^mmtiriM v^mt^htji'om 

hmminicm2m^^m'smx±mict>tc'=xwL 
ii. ctihmi -mzmmommv^. m \ -mzm^ 

[0 02 0] V)Vi;mmm.<owm\t. hii/^A^w 

tV)Vi;^iimt^9^nbts:K^-w<Dnxhii}^h. v 
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|5iKf4©*a(;nft*i/h3<r*). h;H'K:iBDr» 

1 ■m2msmK.&ci>mmi^mm^xm^ti>c 

[002 1 ] §?.{CW. HI -02 •H3ttt@S«IiK:8^ 

i^fci*^?&:a4^4ci-c. HgfiiKD^-^Hi -mz 

^L/cHi •H2JSEi)i^^w/c. mi •m2mm 

mMi<^mi •m2m^^weiii>ctx. mi • 
H2fi^Mos8M«Fttfliigc!)R*«. mj^^mnm 
(Dm^xnbx-rtxi,. HusMS©?«^#ttK:stt 
•c. »2iiasi©is^^«s&si^tt4wrs. m» 
tt:M^ciias!^i44*-rsmi •H25BaijSK*Dyt]s 

*>(c. gJi.52-:>©^mfii*J:bf5-r-6CfCh;bi'fiiai 
i^B©jfeP»^»r4llte-r.5Ci3{>Jr*S. L/*>fc. M^j: 
S2'3©*^tiiffl©M^*5> h-'l'5'a'J^®ffl{CfcC»rS{b 

•r44>©-c*ntt> 2o©tj^ffiffl©M^K:»-5c»-c. £ 

•c!?> mmms.<i:^\tK.nbxmtLt£\,\ j:f)mntc 

[0 02 2] sibicttc. mmi^m?>\-)\^i'u. mi 
'mzmMmicm^m^tim-f<Dfb^i.^i><Dxt 

i.mi-mz 'm3mMmcmAtj:V)i'i^i:^j]t 

mim\tmmxm<m^^x!ibi,ipb. mi - mz 
mmiic-rictifixfti. 

[002 3] ff3R56 i»j}?a43^»it*«5fHt8© 

42 >-9- i u T^is 1/ /i:ia6>'>- 7 - ;^ f-r y > i^at?* 

4filiNt^?r/M.r|pllSf Sf^:i->flll-C*f), HlfeSS 
5£S|J*l. i^5Elll|iBt*{Cjiiei-S'^< e:^*>tt©HSg|5 

H3feSHssi5*5. ^<ism$s{cateTs^->'5'T> 

[ 0 0 2 4 ] m!tt>'^•7-;=^f 7 y >i'ilg{C^t8 tfc h 

i (c^sii 1/ tji i >-<*©iiiir* s *:» 6 . igyrB h tmm 

;^f-T';>i'*-^-;w©^)56K:*tbrjS«t*IS©«) 
««£: Oteffllft F ;l/ f «^ S •ttr ffl«jT.5mSli>'-? -7 - :^ 

f^r y^y^g©)^^^?:, j:»jiif«)-5ci*Jt?*s. 



[0 02 5] 3 IiettCDXT'^-O^^aJXl* 

uteoo-r. xa^?6^*»wr«sfc«)©«i!e8iJi u lo 

[0026] 

[0027] SI (a) ~ (e) l3:*|6H^tc^6h;l/i; 

m^(mimmm)<Dmmmim^mmmv$> 20 
( e ) (CTF-rn 1 mi^m<D v Ji'i'^im^s 1 0 «. 

(CI&D-CS8^tt*J^<tr-S7lc^S*S|52 3 419:1^. C 
[002 8] lHlK«|2 0©W«». a 

A^v^T'ymm^ (3is-c-4io3. iB#: sncm) i¥ 30 

S^*i6i{c-s©liSt*Wbr-«©a@;£g|52 1. 2 
24i9:W. Ctl6-3*©tS[@3£a52 1 . 2 2ra«:. MS 
5tS|5 2 1 . 2 2 C t TMiKm^m^ S tlfc7k^^ 

[002 9] *^agi53 o«. mm&2 oo^t^i^^z 

3«:^T5J:^{ca:l:f)fcfc©t?*0. |pie«i2 0*ii 
l/fc|»t*©3-<Jl'^t>3 li. 3-fJl/sJ<K>3 !«:« 
Cifc^jfyuy-f K^#3-f;l'3 2 (JilT> TrJ-r 
;l'3 2j i^-S. ) i. n-^;l'3 2©^H4H^>!S«-> 40 

«. iHiigfii2o©ii-^s*^e.»/jN©^ii*iti/-c. me 
«i2o©jiaiiiggrticieg-r.5ci-c. 7)^:xs*aj2 3 

[003 0] -'XVi. mmiZ O {C7lc^3l*g|52 3 ^WC'-t 

x^m^zo^mma^mi:. 01 (a) - (e) k 

S-^tfiftM-r*. (b) » (a) Ob-b«»rffi0T* 

2.. (a) Sii; (b) (C7j^-rJ:^CC. -*t©»@SSB2 
1. 2 2ttE|itEW2 0©J^jgffi42ffl5XfJX«4Sl!(0 50 
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mkZO {C7l<AS*SP 2 3 4l9:t^ * {C ±T©«1[@:£ 
g|J2 1, 22(CX*5 1, 5 2*»t:tt:|51Ktt2 0 4gf 

[003 1 ] ma. (a) «:fci,»t:±T©Mii5e 

3152 1. 2 2{C2^JS!ltt (^ilDtt) ©X:B:5 1. 5 2 

*arr!j<;i'h5 3---(crjfflffW5. 1^5 1BS:& 

©IM^(*5 1 A. 5 1 B?rffl^-l*fcRMy;gW^-C* 
I* 5 2 Bfc6©I:B:*» 5 2 A . 5 2 B ?:ffi^1f 

fcRSit«8l5tf-c*s. J&te. Ii<gfi2 0© r*aDn«C 

sgj ©s^*s;:i(c-rs/ca){c. |5iik«i2 oc^fficcw 

142 0 CcSlia3>iSt(,>©-c. S L umMXh 5. 
[003 2]^>:{c> (c) {ctei>-c-:)&©xm5 14H 

:a5 1. 5 2?:i:iiKjM^(Sj(c^4Ci-C. ikk.t£V>\^ 

i^m'mmi^L. eru 2 0 ^mmB^ ^xms. 

^^n^ti. C©<!:!?©h;l'5'B. m«3 0~4 0 
Kgt • mgSr*S. 

[0033] ^-©^{0 h^i'i'^isiJt. ±r<owmMU2 

1. 22*>6X^5 1. 524ii-f. C©J:^«:bt:. 
(d) ©ct^fC|pIg#2 0©^^1S@SS|52 1. 2 2lffl 
«C7lt^^*«:{=t#-rSCi*srt.5. liI«K«|2 0©^ 

7lc^*4«^3nA:8|J^B. 7lc^*ai52 3 
5. C©t»J!S|-Ctt[Se#2 0{cSn7!)5WS©-C. 
SUmMiKiCts:i>. i<D\k. M!^^^2 3^WLmc 
|Biett20K:. (e) ©J: ^K«^m 3 0 iifimSC 

ir> hJUi'ftlffl^gi o*ff^c4*irt-5, 

[0034] Ji(±©SiW*^ 6ig i:'>Vzmi Wim 
«v liI««i2 0K:. «ift**i6i(c-S©ffiSt%W0-C- 

n<owm%m 1 . 2 2*a:w, cn6a@5£SP2 1 . 

2 2?rS^Ci-e. -*f©aB^S|J2 1. 2 2ra{C^S 
©7lcXS*5:f*-^Lfc7it^^^5itg|J2 3 ^m-iiii^Vib 
fcct^mLtlri, -*f©tt@3esi52 1 . 2 2«:. I 
:a5i. 5 2^?^ft^iiii{c5.-D^setj{can:r4c<b*j 
■cgrs. fie-,r. Xft5 1. 5 2^>t^:i:*gfSftgfc'i:f 

SSCi-C. lel^£#2 0©^tS^HSaJ2 1, 2 2K 

[ 0 0 3 5 ] 0 2 B*^W{C^4 hJVi7^ai«H (13 1 

4 0 B. 3 -f ;b 3 2 ifilnffi-S©Sei4 1 i €:it?iJS 
iBSbfci:?iJiaSS4 2 (C> 3^SSEmEPJ&ji4 3 *^e)3?Sgm 
E^enau. n-^Jl'3 2©'f>f-i<'>;^©^{b*3i« 
«EK:^lfiiLt6m8l53 0©MW##tOrKttO. C® 
3^iJSmE©*lffl(i#?ri<''('*- F4 4rSISKl/ft:f^{C, 
a - /N'x 7 ;i/ if 4 5 1? X©ii>/j: tiitSfemE©fe|{iJ 
M^tc^JUU, c©itiSSE©«^tH^#*tiiS§4 6 -c 
tfiSIL. h;l'i?tj^liift^itT[tJ;b^T-4 7*i6m;^J-r 
SJ:^«:Ufcfe©T*S. ^mU^2\x.^A^'-YA 
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45»v Slii4 8<i:3>f'>-!f4 9i*>6iiS¥itliSS 

[0 03 61 03«*»?g{ci^s h;i'i'«^Uii^g (mi 
mm) ommm-cih*). mmicmmacmti 

i'M'^.T 1 ( h T = 0 ©A) 2 
0K:*f|B10©h;l'i'*if'PfflL./ci$©#ttr*'3. * 

h;ui'i&M'fffib/ci#©!^ttf*or> h;H'M*T i 
im^immbxtE:^<o^ifimi¥f^Vih?>. cote 

0^142 0©SSS$©^ffl*>e>«> «li|0©hJl' 
[0037] -e-CT^IgWTOJ. f^ffl hil'd'CC^f^* 

ssttiHiewi 2 0 ©Sia^©M<i%«^ t [Hiitett 

2 0€:K-9r7l<AS*?:ff-^-rSCi«:J;i9. 

assa{c»ffl-rsiife«i2 0©hJwm*Ti4> fjp 20 

tc. 

[0038] ^^^M»imbk^^Mk. m^mL^ims 

P«> h;i/m*T2>£ffl5aJllscS^L,-cfi;6©!m4*5 
^mi*?c1$144*^S. iifo-ciKS^ttitiKSP©^ 
h;l'i'M*T 2 4^{CL/teS*t-S©i6HA 1 , 
A2*l!effl-r*cir. -f>f-i^>;^©tt»ffl©:;»:t 

[0039] ±a©J: ^ cc. iEfi^C7lc^**s#-^3 n 30 

m^^BLitb. C©<!;*©3-f;l'3 2{C*jlti)-f>t'-i<' 
>;^<I^{t*ffl*liJ88|J4 0{C-C*%ta-riCi-C. h)l 

[0040] iXic. ±fam lUtePS© l-^l'i'ftltliJ^S 1 

A'^-Xf-T'J^e'flBeOW. ^MOXf-T'J^i'* 

-Y-;l'7 l*^e,M6m(Sl(fi*g) 7 9. 7 9CCM-5;^7^ 

[004 1 ] xf-T';>y»7o«. ;^f•T•;>d^^^-^ 

7 1 {CXfT + 7 h 7 2 RCKSaEttiBI* 7 

3. 7 3*:^LriaW£«l2 04jiiei/. Iilg$i62 0(c^ 
y f T> K t-*>««7 5 Sr^Ur 7 i'|*7 6 4* 
7y i'f47 6©M^ic&fi©5f-<ni» K7 7. 7 
IRUtyfJll 8. 7 8iS:/hUrX5&©j*)K»f&7 50 
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9. 7 9?raML/ci©r$)S. =7 y t>ry 

tS«7 5«. [ilg|A2 0CCJ^fiSl.fcf-:i->2 6{C> ^ 

■c*^o aig«*i;^7^Tv>y*-<'-^i'7 iit&mt6 

Ci-C. C©tS9ehJH'CCJ:D7 ';'i'7> Kb--:i->tS 
«7 5Ri:;fffi*©5r-rn» F7 7. 774/M/r. £6 
©a«6*te7 9. 7 9^ai«S^-5Ci*ir*S, 
[0 04 2] ffli!))h;bi'ti«8 0tt. Xf^TU^y^-f 

r> ;?;7-T';>i'5^7 0©7f i'r>Kf:^:i->ti«7 

SKfi^U. C©7i;i'T>Kf-5j->^1i7 5SDf£ 

*©3f-<n-^ K7 7. 7 7«:<fc-3t:> ^©aite«7 

9. 7 9 4jsDJ6-rsci*j-c*s. sfo-c. aig«©» 

[ 0 0 4 3 ] 0 5 »*|%W«:^*S«l>'f'7-Xf^T y > 

ysia 111*6^) <D±mmm-ciib*). ^sspro^ 

:e«S|5?rKffiL-C«L/fc«>©-C*So C©0W. 

■i mmcimLtcctink-r. 7 7i'f47 6«. 

h92. 92i:ftbXii'{av}rn, 7 7 i»mbtc 
filf*€). 9 3, 9 3Wyxh->-;l'ffl:?'-->t?**. 
[0 04 4] 06«05©6-6i^»rffi0t?*<3. m«t 

>'^••7-xf•7'; ^i'iiae o©«iE»fffl«3i€:^-r. m«i 

-'^'7-Xf■T';>^'ilB6 0B. hil'i'*IHlilBl 0. 

0^142 0. z>-ji'7>v\i-::-tymm7 5m^m 

«8 44''^•?i^>i'9 HClDtiS^l/. C©>'^'i;y>5'9 1 
©±8PMP%±SP*>'N*-SS9 4-CSC>yfc*«>©-C*S. h 

[0 04 5] f^'^V'^i/Q Itt. ±TK:ilj>'5lEHKW2 

0 ©±8iJ, s#*ifespscrFJa% 3 nous 95-97 

%/MyTiieBjt6tc3t*b/c^j©f$)'9, ^p>K.msm 

8 2 *IXf*W-2) i i «)(C. vvi^ij-i \r I 00 «r{i^ 
■5. 

[0 04 6] [5]f£|i2 0(i, ±iBS4K:^K-rJ:^{CXf- 

T';>i/*-Y--'i'7 i-csaEttiB^7 s^/M^rnK-r 
^t-:t>i*-c4>*. ■r^£tot[5ife#2o«. ±agg 
(-*gsii) {ca?a*i«*7 3ccaiifet-4;^7'7-f>^^ 

S|52 5X«-feU-i'3>M^2 5*}fJfi!JL. T«8S5 
(ffe^) {Cb-::::i->2 6«:}^fiSL/c«>©T*S. 
[0 04 7] =7yi;iJ^ Fl 00». ■7 5.i'7 6a©ig 
>PtllJ*^e)7-?i'l47 6(c*f^ FSBl 0 \^^X. jgKE 
ifStfta 1 0 2 «r:A-L/-ClHlPiK;l' H 0 3 CC-Cjf-r C i-C 
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[0 04 8] ?«a^«84«. mmi82-cm.bitm 
mem 2 0 icm-^t s<i:<!:t,«:-5*-A85 icm^-^t> 

•a-fc'5*-Aji-»-^-;b8 6 (WT. #«: r;l,-f-;U8 

6J iS^, ) iJi^eScS, *-<-;l'8 6»|5|eii62 0 10 

a*. 1 1 lB:i--f;U'>-;l'. 112-114(J±* 
H. 115«X'>i— 9-. 1 1 6B0y>i/T*S. 

oc^riftwrs. iSfe. ±ia0i~6K:^-riiiiitet?!i 

iPI«0«fi!iK:oi,>T«|S|-t^*#l.. -ecDWw*® 
[0050] 07 (a) ~ (f ) it^mMtiC^i bJli; 

mzmm) mmmm^mmmm-a, 20 

( f ) Kn^l- h;ui/»2ll»«^©t^msig2 0 0 

«. [iei42 0 (ommi<cmmm2 0 1 ^^fSifiw-c^ji 

{Cto/co-CiSlW. COIi^)g2 0 KD^HCC. i«ai2 

0 1 ic^cfdsmssim'&msmiicitkmriikamso^ 

m. felfflgPS 0©*$lfflft#?:ffl;^liKg|54 Or^aL 

[0 05 1 ] ESM)i2 0 1 «. -*f©ISl[@5£g|J2 1 , 2 
2r5«Cg:t^/i:gf®?.^©^ ^'+)S*>6^CS, C©^ i» + 

0 . -*f©ttH3£SI5 2 1. 2 2 SIRS C i "CS**J#^ 

K*rc-c6asss©^{b©;Ac# i»Mif4*^e> «c sm-c* 

•)> m«. ia«Ett2 0©^^ii{c«tiy y+ffi-cBJiE 
L/cN i - F e.^©^^-C*^, C<»^^m<DmWt 
mtf5~2 0 Mmlia-e*.?., Ni-Fe»©^Ji 
«. N i iUii 2 0 *a%^^i^^:t|^<!;«^^a 5 0 m&% 
^^/c«^{c. fiBffi?gS!i!*i:*c*<jQ:S©-C«^**siiF 
SSffllnifc^O. C©J:^:^j:N i^W^©1yfiW*{SWr 
*Ci*i»*Ll^. N i -FelS©^)giL 40 

■C. Ni=&5 0~6 0Sfi%$». ^OJiJFeTiSW 
*4?:«M-r.5. ^Cte. lBmM2 0 1 B^iStt»©)®-C$> 
ti\i^<^ /^•-vo^' (N i ;i|^37 8fiS%. F e :^ 
0) •^'X-M'-va-/ (N i : 7 8Sa%> Mo ; 5fi 
m.%, Fe ©l0t-c*^r«>J:(,*. CCV. Ni 

[0052] ±i^©j; ^(C. lli&^W-^3ti/cilSM2 

0 1 iMWAzoicm-fitov. mmit2o=s:fybxm 
i;rfiB^2 0 i©si»**i^^tL/. c©i*©±ieia so 
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2 fc^-r n 3 2 «: teW ^ ^ > f- y> ;^ ©^-ft* ffl 
;^liIKSP4 0CC-Ct^^ai-r5C<!:-C. h;l'i'0:&|Sl<i:hJU 

[005 3] ;xk:. ±fe«fiS©[iiEi42 o f^m^^^b 

/CS2SM2 0 1 4:g:t*-Ct^fflg|53 O^fflf^WS^Wc? 

i»-c. 07 (a) - (f ) K:«^lriJi?S-r.s. (b) « 
(a) Ob-bi^tWma-rAS. (a)~(c)«:^-r 
^It{COI,»r«> ±1201 (a) - (c) KTSt^lii 
I5D&©-C. SiHJ^r^BStS. flL. 0if£$lil2O4«S 

$t<>4>©-C*»3> iaeili2 Oift{C7l<X^i5^*i«6^cl,» 
^-C*S. -r^cto^. [BIIte«i2 0?:5»tt^ilS-CiS<^ 
i>hOXlhi>. C©h;l'i'W. m«3~6Kgf -m 

[0054] ( d ) ktWmMi2 0 *M-j/cl^;g|?:S^-r. 

c©ttss-c»iai^2 0(cMn*5W'S©-c. ##i^sL 
»JIli£t««:^j:5, ;XK:c©g|ofc<^'C. Iilgtt2 0© 

itJiffiK:a-:)^fgHSS|52 1 . 2 2K©3T^{4g{cy y + 

Master c icc J: 0. ^2'=<^a*ie.J5:^>a£sii2o i 
?rj^fiS-ri. iKMii2o 1© rfaDtitfc^j ©a 

IBSSaK-rSfcii&K:. fiKg|g2 0 1 ©aiBKUfi^* 

i^^cjio's##«s L 1 ?ria«Lfc. ( d ) -Qitmm 

2 0 1 {C«n*i^cl^©-C. #^i®S L 1 ttl4S#5&|ti]© 

[0055] ^■©f^, hJl'i'?:l^l,^-C!5Ii£|i62 0©Rf3 
tfc«*7c{CRU. ±rf(fi^m%U2 1 . 2 2*:- 6 1* 5 

1. 5 2;ir{i--r. c<j>mk-cu.mw^2o<^mimjii.> 

©f . #^iSS L« ( e ) ©<i: ^ (C«S^:J^(aj©iligl(c 
K^o S/c, aS^2 0 1 K^n*i*-5©t?. #^i^S 
Lwmmmcui,. COi^^VibX. (e)©J:^{C 

tj:t>^. mr>tc'm.m2 o ^jiicmtmfx^m2 o 

1 K:M**S7)c;XW(C^5. ^©fa. »^2 0 1?ri9:W 

fcmmti 2 0 K . ( f ) © J: ^ {c^^fflgps 0 S 

Ci-C> h^l'^*ll±i$ia2 0 0%ff5Ci*s-C#-5, 
[0056] ^2llte«^lCj:*x«. |5ilSlili2 0«rS?i h 
i|g«W{C?»^M2 0 1 KM^if^^-rSKW© 
fbti^^hoxtis. c©h;i'^'«|5iKtt2 o^Sltt^i^ 
■Cig<S4^-c*S. ±ia0lj|te0!l©j:^K:. ts@ 
SSP2 1.22 ccja:^^c h;i'i'4A:t»^s.i;>s*J-&(,>© 
•C. h;l/i7©'iaB-)l^^-C*So bifih, meM2 

o^m^^mxwi<mi>m&xs>^i)^ib. mm^^2 
1 . 2 2 {c h jii^iiAtftmmm^xmmummc 

[0 05 7] $6(c«. A:t;^;^^'*i/^^^>©■c, niK 
$42 0{C|9:WS«[HSS|J2 1. 2 2 4W^s<rsci*i 
■cirs. fScto^. <b) {c:^-ri!SHSSS2 1. 2 2i 
t-C©¥«ffi?ra<-r.5C<!;*5rt-5>„ -€-©:». [illgli 

2 0 S^SKf -5 C <!: K J: o-CiiefA 2 0 ©*a t; f) HI114 
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1 0 0 5 8 ] !&te. ±1307 ( a ) ~ ( f ) O^JBtCte 
l>r. ©0^142 0O^-^1lS@5£®2 1. 22WKyy 

+i!iS4iSL/-c> mmmz 0 1 iBHibfcmc. mm 

^8152 1. 2 2{CXm5 1, 5 2?r8^W•C|5I^£f42 0?: 

iKM^m^tict^j:!). msktf}i^mmm2 o i k. 

[0059] iXCC. ±ga«fiS • f'pffl© h Jl'ii'tS^tH^2 

oo*««l-'^•7-;^•fT•;>^/^lfi(cs«L'fc^'!|{col,> lo 

mtmv&i. m2ll^fit?^©sl^l-'^•7-xf^T•J>^' 
$192 6 o». m^ifimstitiimmz o i ^mitc 

r«> ±iB04~06«:^-rfe©iiai— r*f3. SiW?: 
[0060109 «*»W{C^-^,m!lI''^• 7 - ;^ r t v > 

icE:-r*iar*s. ii3iufi«»i©h;n'*iffi$ia3ooR 20 

UVJli^^tiimSS 0 0?rSi8bfcSSlJ>'^•7-;^7•7 

>i/^B3 6 0(i. ±^mi^mQi>cmmimmm<D 
y )i' if^a^ 1 0 R^mw^ 7 f-T «; > i^$® e 

OCC^fO, ( 1 ) -jit©l![aSS|l2 1 . 2 2im±t6 
iiiiC. (2) |5||g||li2 0©;<:/7'r>ife^2 5X 
«-b 3 >^^gB2 5 *J. -:^f©tft@Sa52 1 ©19: 
Sliitia. (3) lilElili2 oot-:t>2 6*1. ffi:^© 
IS@3t8|52 2<D'iSmi:mtm^iCLftCtinm 

[006 1 ] ±^© J; ^ icm^n 2 0 B. *©«|S#* 30 

C©iS«, |5ie«l2 0©^^;^-<-;l/8 6**§^ 
Ofcg|J^©WttBffi«>r;^tC>. ;^:/7'f>ife^aJ2 5 
:5lB-feU-J/3>i^^2 5{CI*%8fWSi<tfek:, 

m2 0i:M'>tct^ic, Iili^tt2 0Bf4S^:^[^iI^^*«: 
feA: ^-Ci^-{C^g:5l5-r 5 C i BjEcC^. HKIiIi 2 0 
«. X7'7-f>«f^aJ2 5XB-feU-i^3>IS^2 5 
4. *-<-Jb8 6ie^g|J^i©K. ■r^j:to%S:^|6l©»r 

BD«*J«siii-©sp»rffit<»d5|6^-r«>. m^x. 40 
c©ii33iffi0«®7m^*92 3 fc. iszmeiCTfitm 

iieii 2 0 (cx^-?'?&^^8f'WrS.Sfci*©l!g@s 

[0 06 2] 01 o(**^?g{c^5m«j>'N"7-xf-r 
jsfts-r5Ht?*5. iS4^i60ii© ^;^^'MHl^lS4 o o 

•J > y$SS4 6 0 «. iJBS 7-08 icmtf^ 2 m&m 50 
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© h i'«lffi$IB 2 0 0 RO'mail^N* 7 f-T 'J > yji 
g2 6 0(C>Pfl/> (l)-ji*©tSHSg|J2 1. 2 2?:)^ 
±t-S<tife{C. (2) |BI«^2 0©;^7'7'r>i(g^ 
2 5 XB42 > 3 >ife^gP2 5 -7?©ISl«gl52 
lO^m^mi^. (3) lHl«l42 0Of-t>2 6*i. 
ft!s:^©M@Sa5 2 2 omimti ^Jc^fCL/cCi?:^ 
fi-rS, m4ll»t>l|{C*Jl,»r«>. iJB^S^JfilWtPIfil 
|iI^g#2 0{cX:R■^?6M*8^^:f•c^S/c^s?)©^ftH^ 

gP4#M{cis:w.5!£:>SB^cc>. tie-pr. iPiitett2 0©H!i 

[OO63]011 (a)~(e) tt^^g^iC^S h ;l' 

( e ) icm-rmsmmmco V)ii^^mms5 o o 

OTiSigfNFttAl^^k-r-SI^ l7l<.^S*g|55 2 4RO*m2 
7lcXS*S|55 2 5 4i9:W. cn6»l •ll27l<XMi!>S|J 
5 2 4. 5 2 5©^H«:. »1 •m27m^*SIJ5 2 
4.525 K^OfcESS^m^rm^MKt^^aif St^ftiSIJ 
5 3 0*tS:t:t. l^fflS|55 3 0©*SIUiff-^*ffl;^[elifSgP5 

[0064] l^5|ltfimiaKf42 0 tC. fiig^:^|6l{C 

-5£©iS!Bt?:Wi/-cmn!!S@!esiJ5 2 1. mzmMini 

5 2 2ifeiyf{C»3li@SSIJ5 2 3*CO)8{C|9:W. ^1 
•»2?S[@SaJ5 2 1. 5 2 2ra{C> HI •m2itHS 

gi55 2 i. 5 2 2imictvik!^^m^^mm 
hJii>ici&oxmM^mmtrim 1 7k^^s*a55 2 

4«a9:(:f. ^2 - mdHiSSSSPS 22. 5 2 3n(c. m 

2 •03aHSSI55 2 2. 5 2 3*^1 •»2!S@SSIJ 

5 2 1. 5 2 2 mmimicmi c t ■c7icAii**5#^ 
stif^ffl h)i{>iciit:xxmimtimitf^m2fk\m 

2 5 ?rg:»fcC <!:^£!KfS5[<t-rS„ m 1 ^mM^^^gP 
5 2 4©7ic^*5c©:^r|Sj«:jEfOr. m27l<XS*S|}5 2 
5 ©*^S*©^»a!l6l*T?4>5. 
[0 0 6 5] l^mSSOB. li4eM2 00111 -112 

v&i, mb<m^it. t^tiisP5 3 0tt. isiteiiii2o 

*fflUfci8Jtt©3-^JWsKl^>5 3 li. a-ZjUsKl^^S 

3 1 Ccm^fcmi^J^lVU^'f F^^n-fJl-S 3 2Ajfe 
i>'{cm2|^®yU^-f H##3^Jb5 3 2Bi. Hi • 
H2^HSVL'^'r K^frn-f^l-S 3 2 A. 5 32B©^ 
ffl^H^iSMi^-Jl' ^■ffl>'^'f i'3-i'533i. ifi^tt 
i>, Ji(T. »ll^)iVU.^-<h-«*3-fJl'5 3 2A©C 

r^l 3-<;l.5 3 2AJ iSt^ H2|tlyuy-/ 
F#^3-f;l'5 3 2B©Ci4 rH2 3-f;l'5 3 2Bj 

[0 06 6] Hl3'fJl'5 3 2Att« EWEIill 2 0 ©i1-)l 

ffi*>^j»/jN©^Ba*WL/t:. ii<gi42 oommwiK. 

IBBf^Ci-C, Hl7l<XS*S|55 2 4K:hJl'i'*M'Pffl 

O/ci #©ais*©^{tK:j£;cr > f - ir>>^jji^{t 
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[ 0 0 6 7 ] ^>:{c. wm2 0 (cm 1 • ^2 7lc^S*Sq 
5 2 4. 525 «rawr*lffiS|J5 3 0 
4. 01 1 (a) - (e) Ka-?tlttHJt4. (b) « 
(a) ©b-big!»}Hiar*S. (a)SO-(b)CC^ 
-Tcfc^CC. -W©mi -1^2 •m3aasa55 2 1-5 
2 3«liIKfA2 0©Ji-^S*2ffii(0X«4Sll'5-r.2. 

c 1 1?}^^ o/c^is < 4 «>-*f©ipaffl-c* .5. lastt 

2 0{cmi •lir2*ivM*a55 2 4. 5 2 54i9;WS{C 

±T©mi -^2 •||3tS@Sg|35 2 1~523K: 
XM5 5 1 ~5 5 3 ?:8H:friHlls#2 O?:0fSfte/i:W 
eiSCir. ifS©7lc:XS*4#^f-S. 

[0068] W^K. 3tr (a ) {c4jl>t:±T©#tft@ 
«g|55 2 l-5 2 3«:2^m (*aiOt#;) ©1*5 5 

l~5 534SfCsKJl'h55 4-"{C-Ciffl#W5, X 
*5 5 1 «fte©X*^H{*5 5 1 A. 5 5 1 B*ifi^-a 
fcP3^«g|5tt-C*5. X*5 5 2 »S;&©X**f*5 5 

2 A . 5 5 2 B ?rtt^WcRSt^SPtf -C* . X:R 5 5 

3 tt£6©X**# 5 5 3 A, 5 5 3 B^ffl^-ttfeRS 

[0 06 9] yjK, (c) K*jl,>r±T©X:B:5 5 1, 
553«:a5£-r.5<i;i«>(C**©X*552*M4, X 
B> ±T©X*5 5 1. 5 5 3 i4J*©X*5 5 2 <!:% 

C©i^*^^©X*5 5 2«:»Dil.5h;l'i'«. m«6 
0~8 0 K g f • mSST?**. ±T©X*5 5 1.5 
5 3{Cj)n;i5h;H'tt, 0II;itf3O~4OKgf • mg 

[0070] ^©f^CC ■S«[@3£S|55 2 1 

~5 2 3*:>6X:a:5 5 1~5 5 3 5ri1--r. COJc-^Kt 
r. (d) ©J:^{CI5IK#20©5-^. »1 •^2tS[@ 
SSU52 1. 5 2 2HRCK»2 •m3i«[HSg|55 2 2. 
5 2 3iaiK:7lc^**ff#^ici*s-c*s. Ii^gf|l|2 
0 © ^ ^7l<^^S**##§ fl1c%9t\t . m 1 7k^<.S*gl5 
5 2 4 SO'Sf 2 7)cXii*SB 5 2 5 t i. C ©1^1S-C« 
ll2M[S£3e5 2 2 «:^(C. li|^Wl2 ^QM^-fTm. 

*©mit«K:)Ec^. JE-©flt> 01 •l^27mS*SlJ5 2 
4.525 4i9:l:f /cHltett 2 0 (C. ( e > © J: ^ (Cftiai 
g|J5 3 0*fflWt5Ci-C, hil'd'*ltailS5 0 0 4» 

[ 0 0 7 1 ] 0 1 2 \timmv.^i \-y\^'pmmt (0 

g©Ul*|5I^S|55 4 0 «. 2mM^% (0 1 liSSS|55 

4 0ARO'||2il%3^5 4 0B) <i:iii»§S5 4 6 <b©ffi 
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-^#*^6^j:.5o mi[Hl?Sg|55 4 0 A«. miri-fJbSS 
2 A i»!rtffl-S®ffila5 4 1 A i^rfiyiJ^iB^l/ fcS^J 
Iilie5 4 2 Ate. 5^i(«EE#M^iEt5 4 3 A«>6$[%«E 

?:EnJnL. ®1 n-r^US 3 2A©-r>f-^^>X©^{i: 

*35»mE«:^^u*imgi55 3 o©i^ 1 ©^aifi^i u 

•rgxai L > C ©SEjlSmE©«lffiii^4 ai'-Y^-K544 
ArS«ELft:«{C. n-7N-X7^;U5t54 5A-r>'-<X 
©ii»&:oiliJSSE©^Wfi#K:^jftL/. c©efiSimE© 
*iai<i-^?:JiiHg5 4 6 lcm:^3t-5J: ^CCOfc*)©^* 

[0 07 2] |?2|plSSg|554 0 B«. ±ISlllliITO5 
4 0A<!:l5lfil©ili{S«(Sr4)0, 02 ;l/5 3 2 B i 
ffitaffl-€©eei5 4 1 B4^i:?'MSIL/ycii^JI5I8g5 
4 2 B{C. 3?«E«E«*&iB5 4 3 B*>65^i!feSE*E|J]!)0 
m2 3-Y;l'5 3 2B©'f>f-di'>;^©^ft*3^2^ 
SE(C^^L<^tBS|55 3 0©»2©*^a(i^<!:LrB!iai 
L> C©3^«mE©*^W®^4 f K 5 4 4 Bt?1i 
SSE L /d^ tc . n - 7 ^• X 7 -f ;l/ if 5 4 5 B -C y X©^ J& 
OiIS£mE©«IHiffl-^(c^8!t> c©it«mE©«^ffi{t 
#«rtii(iS5 4 6{cdi:^-rs<J; ^(CL/cfe©-C*i. 

[0 07 3] iti|iiS54 6B. H 1 0^855 4 0 ARC? 
IS2I5IKSI55 4 0 B*>P>©S«iai<S^©^^iiifi 

tita) u. h->bi'«^tafi-^<burUi:^JSH^5 4 7*>6.W 

[0 0 7 4])^cte. it?iJIiISS5 4 2A. 5 42BI<C^-{ 
:i--K544A. 544B L//cliIffi«Sfi£llffi-C 
n-7<;^7-(;UiJ5 4 5A. 5 45BB> ffijK5 
4 8 i3>f'>-tJ-5 4 9 i*>e.!i-5^?t[5Ig8-CS)S. 

[007 5] 01 3 (a) ~ (c) {i^^B^fCO^-Sh;!/ 

©'f>f-d<'>X©^{b?:^L/, ±iBll3K:Ml5-r5. 

( a ) «0 1 ©ffit^iitttftiiis p 1 ^Tjktm^m. 

( b ) itm2<om^iiims p 2 «^Ti»si$i^isi. 

( c ) «±IB ( a ) RCJf ( b ) ^^fiSoytfiBiSltttia-C 

[0 07 6] ll^l©sss^ttftiKSP iw. »i3-r;i' 
53 2A{c*fjs-rs!^ttfliS!r*-3-c. ±iaia3K:^-r 

»ffl-r2.0S£«|2O©hJl'm*Tl?r. liiSill2 0* 

Sor7i<^^s*=&#j^-rsci{cj:»). VJifmk-T 

2 (h;i'i'T?:0) (c-r^l/fc^H, lll©iai|!|^ft 

[0 07 7] */c, m2(Dmmm^msP2u, m2 

=i>()l'5 3 2BicnSttimL&mvS>r,X. (c){C 
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2 0®f-;l'i'il5&Tl?:. [51KI42 0?rjM:^tSl{cS->r 
7mSi5^*<^^-r5ciK:4;0. ( b ) (c^T J; ^ cc h 
^I'i'Il^TE (hJUi'T^'O) {C-reUcilS*. 112© 
)lM#ttfti^SP2«> i-;i'm*T2=&ji^ffiEiSi«:5^ 

C007 8] Se-Q-t (c) (C^nT^fc-^K. mi -112© 
fiSStttfli^SP 1. SP2©^%« hJl'i'M.*-T 
2. T2 5:aJS{CL/c£:6-S©eHAl. A2?:ffiffl 
•rSCi-C. 'r>t-i^>X©iteJtffl©:^*3*>6h;l' 10 

i'©:^rl^i]<!::*ctS*iWS. 

[0 07 9] bifih. msmmmit. st^KM©!!^* 

mmrzmi •m2^S*aJ5 2 4. 5 2 5«:^D 
/cS88^©^{t?:> mi •m2 3'(';U5 3 2A. 5 32 
B02-3-C#A,t^UlL, cn6©l^am^?rtti|iiS5 4 

iBiK:rn^-rj:^>{cs:fb-rs. eeor. mi ■m2<Dms 20 
#ttfli^s PI. s p 2 tcitctc^ikamm. ififis 

[0 08 0] $ibicm5mmmTit. mi ■m2<Dmm 
#ttfl^spi. sp2*i. «^ai©a*i-c*sh;ui'i^ 

.■S-T2. T2?:a**a6IK(C*tUr. &&>Pfia;Aj:!^5: 30 
WOriiS©-?. 2o©fi8S1#tt?6i:bt8-rSCi«cJ: 

h;n'«^as^s5oo©fiS{»^»i^jiss-rsc<b*s 
^^■5. mtf> mi •m2©ia^ttftiiKsp 1. s 
p 2 {cie c fc««iani4]!in» l fcn© i / 2 tt-5e-c* 
c©jiii:^#<^j&sfii*iffe.nfcit«> h 
)i'i^^iiimm.5 0 o*!a&pii,-ci,>si*ijEK-r-5ci*sr 

[008 1] ccv-sm 1 2i.cmr>rm.f^>s:m-}i>. 

±a© J: ^ tc^lc^^S^W-^S nfcHllSWi 2 0 5 
C i K J; 0 . m 1 7lcAS*aJ5 2 4 {CiC/tSKSJ^m* 40 
mi a-f^WSa 2A«:T*lffi-r-5iifcK:. m2*^v^ 

;^S|J5 2 5 K:^D?ciaiSail*m2 n -Y ^bS 3 2 Btcr 

^*$**lffl^SCi*i'Ct.5. -TJib^^ 0^142 0 
(cf^ffl-rs hJl'i'fctDDrmi •m2^2*8iJ52 
4. 5 2 5©Se^*!^{bL. C©it©mi-m23 
-rJU5 3 2A. 53 2BK:*$W4-^>f-y>X©^ib 
*ai:^7@K»5 4 0(crtflffl-r«>C<!:-C. h;l'i'©*|6) 
4 h;l'^©ffli4«ltB-rSCi3!»i-Ct-2). 

[ 0 0 8 2 ] 0 1 4 it:^m^ic%i,m»^< -X 7^7 y so 
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>if^ (m^mmm) ©wusr^o. ±120 ejc 
m^tm-vs>i, mBmmm(Dwm^^'7~:^7-T'}> 

imWLb 6 0 B. ±IBia 11-013 (CS^-J- 

«g5 0 0*^tSbfcCt*!|$iii-r-S. f6©«fiE«co 
l>t:B. ±IBia4~ia6(C^T*>©iPI-r*'). iJiW 

[OO83]015 (a)~(f) \t^mni<m^ V>\' 

*s. ( f ) ^ThtmQ^mmo hjui'^^msiae 0 0 
mmii2o<mmvimimmikQoimfm2^ 
mo2 ^m'mm'o±n^t>tc-^'cW'-) . cnem 1 
•m2iis]!i6oi. 6 0 2©jia(c. mi •m2)is 
jgeoi. 6 0 2K:ftDytBa^?a**m»fi«j{c«itij^s 
i^wspb 3 o^^w. *iwsi55 3 oom>m^^mtim 
sg5B5 4 0 -cMaur v)\'i>^mmnt \^xm3ti>^ 

[0084] memmmimmiz 0 tc. fifcfi*:msi{c 

-S©!Egt?:W Iz-cm 1 IftHSSP 5 2 1. m 2 igH^gp 
5 2 2a&a'{cm31^H^gP5 3 3^&C®Ji{ci8:l:t. mi 
•m2il[S^S|S52 1. 5 22[»{cmiSSS|gl60 1^ 
IS:C:t, mz •m3M@SSP5 2 2. 5 2 3KCcm2S5S 
)S6 0 2^^W/cCi?:!^a4i-r^. mi€2l§6 0 1 

mi •m2*SBSI»5 2 1. 5 2 2imiCtvm^tfi 

i^icmcxmmmti)mtt6mxib*}. m2 -mai* 
ms.m2 2, 5 2 3^mi •m2i$a€sii5 2 1. 5 
2 2 titmMnicmi>ctvmfym^$titci>(ovi, 

[0 08 5] cnemi -mzia^eo 1, 602 
S*©SS<b{c*ttriimffia©^{b©:^S?i<>tm*> 

6^:^M-rS)f). ±iBS7{c^-rm2Slifita)©S8SM2 
0 1 tmcunxs.-:>wicmMmfy<D^ ■v^mip^tj: 

[0086] ±^©j; ^{c. m^f)m^^titcm 1 • m 

2»SM6 0 1. 6 0 2 =S:mmii2 0 i^wtmcov. m 

m%2 0i::ffbxmi •m2mmm6oi. 602«:h 
}iifimmbfc6tic. cQ)}-}\yifiicjticxmi •m2 
WMmeoi. 60 2<Dmmm*mtb, cot^<D± 

iimi2iC7jktmi •m2 3-Y;l'5 3 2A. 532BK 

m^^^i^-ify:^ (C^f b* at)Wl^^5A0<iCxm 
m^ctx. h;i'47©:^iDji h;i'i'©fflti&*inir-5 

[0087] Aic. ±nmmMmi2 o icm^^mv 

tcmi • m2«2g!6 0 1.80 2*KWr«imSI55 3 

O^ifflmS^IBtcot^r. 015 (a) ~ (f ) {C» 
-33f IjiWr ( b ) ( a ) © b - bi^KrffiHr* 

i. (a) ~ (c) (cs^-r^JBtcotiftt. ±faai i 

(a) ~ (c) <^7jk-r^mi:mCtj:<DX. UiBJ^r^KT 
fflO. |5Igfll|2 0«:JRSg8©h;l/i'SC;hJl/d'f^ffl 
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<DI*5 5 2K:DpjtSh;l'd»tt. m«6-12Kgf 

• mHarS)*. ±T©X:Hr5 5 1. 5 5 3 CCjpitS h 
;Ui'B. «a|;i«3->'6Kg f • mgS-C$»S. 
[0088] ( d ) «|5I«gtt2 0 48?-3ft:t^)!845^-r. 

■ClilEW 2 0 (D9^mmicS.r>, H 1 • m 2 ttHJgSB 5 2 lo 
1. 5 2 2raRO'm2 •lpr3tS@Sgl55 2 2. 5 2 3H 
©BfTSflfSK: > + MatrJfi-r C i fC <fc *) . ^ 

•^2fia^lS6 0 1. 6 0 2^JgJ!!tr4. % 

mi •m2mmm6o I. 6 0 2<D^i3iCtiWB] 
<Dmmi:^^ic-r6tc&ic. mi •ii2asig6o i. 

6 0 2©«ffi{C«|fi#:^|pI{CSaf4##lllS L 0 1 , s 
L02iSmLfc (d) •^2SSSil60 
1. 6 0 2icmtimjn,^(D-C, ##i»SL0 1. SLO 

2 i3:«ig^:tr[S]©B:i^-c* 

C008 9]*oa. h;H'«r|^t,»rllig«|2 0O«») 20 
ttSg^TCKML. ±T©Sl!S@SSP5 2 1 ~5 2 3*>6 
X*5 5 l~5 5 3 4J1--r. C©tfc^r«lHlKf42 0iC 
«n*iJ&:i,»©-C. ##ieiS L« ( e ) ©J: ^ (c|AS#:fr 

i°i©itii£i{cM'&. i:/c. ^1 -mzmmmeoi, eo 

2 {cSn*iW.5.©-C> ##i^S L 0 1 . S L 0 2 WfiSHS 
t^JtC^ci. C©J:5(CLt:> (e)©j:^«:||l •»2 
6^)86 0 1. 6 0 2 47lc^fl«;CC^3'&S C ir. 

swtcs 1 • m2mmm6 o i . e o 2 {cric^B^jKn* 

%7C«:R-rySW-C^ 1 • »2«SM6 01. 6 0 2 KM 30 

^ifiMXtfjicm^. ^©f§. m •ir2«s)a6oi. 

6 0 2*l9:WfcliKW2 0{C. (f ) ©J:^{ct^ag|55 
so^ifflftwsci-c. hjui'^itosiseoo^ffsc 

( 0 0 9 0 ] ±IEia 15 ( a ) - ( f ) (D^MiC 
*Jt<»-C. ®lilS«l2 0©^%> mi •»2^S@SgC5 2 
1. 5 2 2IfflSUfm2 •m3t!![@5gaJ5 2 2. 523H 
{C^s'+MS^rlSL/T, mi •l^2«Se6 0 1. 6 0 
2 * Ji^^S 1/ /d* (C . ®^@SS|J 5 2 1-523 {CXM 
5 5 l-5 5 34BH:friiiS*li2 04MSCiT. ®m 40 
l-m2fiBESS60 1. 6 0 2*Meg3^T9r!e© 
7lcXli;«f?:#^TSCiCCJ:<5. ig^Wfcmi -^288 

fflge 0 1 . 6 0 2 (iCfkSK(f}iicm^m?Lx j:t,>. 

memmm) (oimmmvih'o. mmeic 
Mst-ri>mvi> i.me isiisw©s«i^< - x f^r > 
i'«a6 6o«, mih-i)m^$titcmi •^211^1^6 
01. 6 0 2 i:mtcmmii2 0 ^mi-^tcc t^mit so 
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ffio^fiStcoi^ra^ ±12111 4«:^-r«>©ii5 
[ 0 0 9 2 ] la 1 7 «*^ifl{c<j^4««in-7-;^f^7 

fCj^tt^SSr*^), m73lifi«a|©hJi'i'«^a$^S7 0 
0 Siyf h d'^^ttfia 7 0 0 t/ /tSII)/< v~:^f 

r <j >d^sa7 6 0 ±120 1 1 1 4 (c^-rm5 

>i'SIB5 6 0fCi*L. (1) miM@!eSIJ5 2 iMiyf 
fcm3tta5£SP5 2 3*l^±-rSiifeK:. (2)EiE 
#2 0©;^:/7'f>ig^2 5X»H2U-i'3>ife^g|J 

2 5 *5. mi ^mmm 2 1 ©tasj^iEta^ ( 3 ) ihk 

tt2 0©f-5i->2 6*s. m3a@SSP5 2 3©t9®l% 

[0093] ±^©«fc ^ (Clifett 2 0 ». -e©fAg^tti 
^SP^tcd-W-^l-S 6 ^:IIKW{c-ftk:M^L/tfc©r 
*S. C©ie*. Islfg||ll2 0©^%*'f-;l'8 6'&tS^ 
l/fcg|5^©P3!lttJJffi«?)-C;^^t,». X-/^-Y>ig^2 5 
Xtt-b U-i' a >S^g|J2 5 {CX:a«r8|-W i i feK. 
b-:^ > 2 8 RC^^ 2 ffflJtSIJ 5 2 2 {CX**8FW. C 
n6©X:a?:liIL/-CliIISW2 0?:S-5/i:i#tC> I5|K«| 

itm*. -TJitot. liKftli2 0«> ;^p'^'<>*g^g|J 

2 5 X«H2 3 >ifg^2 5 im 2t!![@)£S|55 2 2 
<!:©«> m21«H^g|55 2 2 i*-r-;I/8 6ig^ 

siJ^icpj. •r)5:t.ts:;^isi©»iffiffl*ss(si5i-©ss^ 
■catt^0*j|6^-rs. c©m7iite0<i©mi 

• m27lc:JV^*gi55 2 4. 5 2 5 4>, ±120 1 4 t,cffkt 
mtlr>mivrt!. Ur>X. ia<Ett2 0©H!ltt«J:»3 

[0 0 9 4] SI 8{^*^?g{c^^^li«l-'^• 7 -xrr-; 
>y$ig (mssessw) ©»a»rffls-c*o> ±1201 e 

KJtll£-rS0-CS)S. m8IUS^©h;bd'|^ffl|^B8 0 
0SO*hJl'i'*im«g8 0 0^^tSL//cmS^I''^•7-;^f• 
T ') >ifms8 6 0 {*> ±120 15-016 ic^tme 
m&ncoi-fii^mtii^SB 0 osc;m»-'<7-xf r 
i^i/mmdeoicMb, (1) mitt@ssi55 2 iafei>' 

fcm3tS@Sa55 2 3 4)»±-r*i<!:«>K:> (2)|5Hte 
1*2 0 ©;^ T/^ >ie^2 5 U-'> 3 >ig^8|J 
2 5 m aa^Sp 5 2 1 ©Sf H^itti. ( 3 ) UK 
m2 0<Oi^^:t>2 6ifi. m3l^@ffig|55 2 3©a:Sll* 
«*3*<t:^{ct)fec<t*!^ii-r-S, m8|liffit^{Cte(<>T 

«>> ^simimmmt'^uic. instt2 0Ki*^?&* 

«:8FttrS.5fcJs?)©I^EaSg|5ttlo/cW-C-rt?, Sfo 
■C. lHiei42 0©PMtt«r<fc'P«*6Ci*s-r?ta, 
[0095] iC^r. ±£01 1-01 4K:^-rm5 

llte^Ri>'0i 7 (CT^-rm 7 iiJiwcoiit:^. (Dmi 
7icxii*S55 2 4(D7t^^M^<o1^!fl^^cMLx. m27%x 
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S*aJ 5 2 5 <DM{Km^<Dl3[tHi-m S^i>tttiC. 
Om 1 7ltAS*S|5 5 2 4 ©^^SCCSt bX. mZ 7^iKM 
*®5 2 5©S*fi*S«:-5J:^{cgS:Surfc<fcc>. * 

tc. ±im 1 5 ~0 1 6 ic^-rmemmmR^j^m i s (c 
^■ril8iiifi0ii{c-3{,>-ctt, liKS^e o i 

r. 02aM6O 2 0ili5'g4^%*J;^cc^ur 
*>J:i». c©j:^u:2'3CDS**l5l:^|6){ci9:St-'5-t^ 

1 L-r. ±i2» 5 mmmimnxiM&m 1 1 -0 1 3 «: 10 

[0096] ±120 11(c) Ktel^r. P!I^«±©X 
*5 5 1 4@^-r-5i ife{Ctt»*©X*5 5 2ScrF© 
I*5 5 3?:I5)-:&[6j{CMSCi-C. ja:^^c h;l/i;?:BlT 

SB^ffl/ra^ . mmk 2 0 ?:ffii4^jfj $ if ■c/k^'^^^ff 

#-rS. C©*!^. HI •I32MHSSI55 2 1. 5 2 2 

2. 5 2 3M{cm2>h;i'i'*iS^5:SJ:5K:iS:S-r.S. 
[0 097] ^©f^(chJl'i'4K5<i. 011 (d) © 
li«g«l2 0K:*Jt,>r. <1)I^1*^(^*8|J5 2 4©*^<.2 20 
*©*[a]K>Fttr. H27lt^^M;^g|55 2 5©7mg*© 
:^[6l=&-Sc3lfS<!:<!:fcK. ©Ill 71^^^*955 2 4© 
Mi^atC^ttr. m27lcXSi5»a55 2 5©Si5ffi?rS!i 
6J:^Cc (mJi/jNSO i93£-r-5Ci*i-C*4, c© 
t*jMr«@iEtt2 0 ©#g^:^isj{ci:iifci5i:^ifi]©^n 

*sW4©t?. ##iKSL»±Tlalt;(Sl*©lS*a^{Ci5: 

[009 8] C©Jt^, ±iB0 1 2 {Cjj^-rH5||fe0!l© 
l§SS0«. 1^ 1 iHlSggPS 4 0 A©*ltH(i#X«H2Ii?S 
gi55 4 0 B©*iaim-^©*«rt|i|ig5 4 6{CA>3O-Cti 30 

(ig5 4 6-cJiini.. h}ii^mm^tLx\iit)tm 
[0099] c©H5iiite^o^jg^{c*jwsH 1 • m 

2 3-<;W532A. 5 3 2 B©fiBi©$ft«. ±130 1 3 

om^wof^'o ic-A<Dm 1 9 om^nmicmtj: 

^Vitii, 019 (a) - (c) »*»B^tc#S 
3'(';l'©'f >f-3^'>X©^fb€r^L. ±ia013Kj^ 

le-r ( a ) tts 1 ©ss^iSffii® s p i ^fr.tmm. 40 
#1^0. ( b ) »fr 2 ©SBSitttiiiK s p 2 «n^-r«s 

!^0, ( c ) tt±iB ( a ) RC? ( b ) ^-^mhfdSm 
#tt0t?*-S. 

[0 1 00] mi©ilS$ttfii^SP itt. m^-f;!- 
5 3 2 A«:*tl6-rS!|tttftit8-C*or. ±120 1 3K:^ 

•rmi©iaM#ttft«spiii5i-ffli^r$,f5. V)\>^ 

ia,*Tl«r. hJl'i'Mi±rT2KT6L/fcfc©-C4)*. * 
/c. »2©ii©^ft«lSP2B. m23-f;t'5 32B 
«:Jtl£:-rs#14fl«-C*-5r> lll©fi8^1fttft«SP 
lilSlD}|5t*i«:W-r6flS-CS)S*i. h>Ui'M-^.Tl SO 
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hJU'Jl^TS ( h;l'i'T?'0) tC-riE)L/c«>©f 
ffllL. Ig 1 7^^*2155 2 4 ©M^^S J: 0«>> H 
27lc^^*SB5 2 5 ©M*fi4/hS < S9:S0fc©-C. h 
;l'i'M.*T 3 B h;l'i'Jl*T l i h^wmtT 2 i©|BI 

[0101] fie-jr (c) (c^t J:^ic. 01 •»2© 

fi^iHFttftiSS P 1 . SP2©^:fe. V>\'ifn^T2. 
T 3 ^SmtC L Ic^-^-'&OWm A 1 . A 2 -2> 
Ci-C. -<>f-3^>;^©i^ffii©:^^S*i6hJUi'© 

[0 102] b3!)»4>> c©^J«?iI«±iE©=l:^K:. n\ 
• m 2 ^^fym 5 2 4. 5 2 5 DfcjilS^©^^ fc 
4. »1 •m2 3-<;l'5 3 2A. 532B©2o■C^^^ 
tfettlL. cn60t^fflft#©i'%6*:>-:^/i:W?:ttiig 

5 4 6k:S|I3> *iitig5 4 6rJiifal/> h;i'i'^Ui<i-^ 
iL'rHJ;^-r^<fc^{cL/cfc©r*s. iite. c©^j^ 

mvit. ±^5mmmtmmtc2':>m^mictt.i, 

©ift»^»r«:tf5Ci*i-C*S. •r)5:to^C©^0^t? 
tt, 2Ee-S©t5HAl, A2(C*Jt,>T«> mi -02 

©iSS#ttft«spi. sP2ccic;Dfc2-3®lsitBfii© 

[0103] J5:te> ±iBllSS©BS§(ctei»-r. h jui't^ 
[ 0 1 0 4 ] Src> ±120 1 5 iCnktm6mmW<D\-)V 

6 0 0 ^±120 1 8 (cmtmsn^mo v )i 
{^ikiummsooi^is'.^xiit. mi •H2figMii6o 
1. 6Q20mmmmit (m,) ^si^ic^Asci 

Mnm2 0icmm<oh)i'{>=km^tctmv 

■2. (^^^©M^cs) ^■:'+®©mi -nzsgaiieo 
1. %Q2^^,mh.-Ex^v:mts.im.<!)'mthx 

«. II IfiBi^e 0 1 *5> N i 5 0Sa%4^tJN i - 
Fe»©^^r4)»J. »2?SSi6 0 2*(« N i 50 
ag%?r^tfN i -F eS©^^K-C*S. 
[ 0 1 0 5 ] H 1 • m2JigM6 0 1.60 2©acnc 
a^c5«*©fi8®$tt%S|l •m23-<;l'532A. 5 
3 2B-C*iait, cne.©«lthft-^?:±IB01 2©iili 
S5 4 6fll«|itiHL> h;l'd'*IUlfi-^<!:b-Cffl;'3-r-S 

Sfl^l/r3f£Lfc(l#i|#tt*ff*Ci*l-Ct5. Sfc. 

2o©iiM!|t1441:b^-ri;:i{cj;«9. h;i/i't^tUSIB 

6 0 0. 8 0 0©&»^{R?:ili6r'2>Ci*J-C*4. 
[0 106] 

[^HJ©5S!im] *»BJ«±iB«fiS{cj:f)^>:©JSiS=&^» 
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[010713 hicmntjs 1 B> mmbic. n^iji^ 

te«i©*at;tift*iffi*-c/b3c>{c*)*i*ito6-rv h;ui' 

[ 0 1 0 8 ] s hicttcmnoM 1 «. HiE^Kc, fjis^ 
:^K:-5g©ggai*Wbr-)it©aH5tSI54^w/i:© 
■C. -*f©tSHSa5Ccl*^?&**8H^-CS^.CiK:j; 

ttft^©Jl*?r> 7l(^^M**#-^-r.5Hu©il.'*lK:>i!tLr 
[0109] iS^2 a. h;i'i'«iwsa®lili|g«i4> 

hJl'i'A:^fJi h;l'i'Hi:^3ffliJ<i:CC^SlIL)a:t,i-ft©tt<!: 
btc(OV. h;bi'*sf^fflOfc<!:#{C> [iief6©*aDtvft 

SHItett©. h;i'5'A:^ffl!l3&^6 h;i/i'W:*j«J'^© h^Wf 
eai^K©jin^)i??gi-s c i AJ-et 
[0110] 36K:i»*«2tt. IpHkIHik:. 

S C i rMi!^*if*^ 3 n-tiSSfg^rif Sifif ±^ l,ct>tc 
cnft3!>iffi«>-c/jN3tr>«:4>*>*»to6-r, h;i'i'«:tSD-c 40 

fiBaii®{c4 D sfiBEgjasifi^aiSP-ctftfflT s c i k j: o 

[0111] 36K:S/ciS*:i2«. HlglfiK. 
:^i6i{c-s©^ii*WLr-*t©iSHssi54ia:wfc© 
-c. -^tols@^a5{ciM^r&^«r»wrss C 4 {C J: 
r>r, 0l£li6©^^*SE@;£g|Jra{ciEli*'j:S**ff-^L/c 

», M*^:f=t-^-r5ii©M*(i:*fu-c-r6-rci7!)irt 
4. se-oT. mmj^K.s^ctcmmmki^m^ic-c^m so 
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[0 1 1 2] 3^«:i»^]S2«. IslKIS^RShJl'i' 
*^ Ji^J§K:!i^?>?:#^-r-2>/dW©/jN3t,^fc©r-rt?, 
c© h;i'i'«liiig|iS?:5!iittMtS-CiB< «^gg-c*4. 

tm^^^mxts: hJi/d'4A*-rS'i:>sj6J)tct,>©-r. h 

Jl/i'©ga»-lS^-C*»5. h^l'f©fflS?:fli 

:^ h;ui'*j/h3i,^©-c. '^miicm-f^mmm^^fb^ 
<-r*ci*s-c»s. *©». iHiisiii^ASfc-r-sci 

[0 113] i«^]S3«. m«I/^•9-xf7•J>y«a 
{cj|*gl./ch;bf<ftW^©iafett«r. h;i'i'A;^3flWi 
h;H'ffl:^W<!:JC^Sllt^£l<^-«:©l4iL/c©r. 

t?. c©/ca>. ;^fTy>i'!f>-f-;i/©glj96K*tL-cai 

«)^>-7-Xf7y>yj^©Ic;Stt?:> J:iJ«*4C<!: 

mic, $ji©iitti{ci£;i;rtt8i!)h;i'i'^jS^3#-5 
Ci-C. Xf^7i;>y5fW-;l'©^t£;^®«:teTJ:^(C 

Lfc»^-c*^r«>. li«tt©tai;nft*sgJii>T/h3< 

■c#. i&Stt©m»/hmi«mi^^jJ6*i!pIt6{c^cS, 
[0 114] 3?)K:^«]13B. liIig«l©X7'7-<>ite 

^XB-fe u- 3 >M^sii*^ -:^©ttasgi5©{9:*ii 
*«t*a. Ii«lili©f^:i->*J. fi!i:^©tSSSa5©f9Sil* 
«faSJ:^K:bfc©-c. im-?>S^:a«8HtT:g|Sfca>© 

[0115] 11*114 tt> h-'l'i'«iaiS^S©lEli£«i4. 

S@IE«i©> hJi/f A:^)W3^'?>h;i'i'tll;^jlIiI'^©h;i'i' 
e»ii$H©jin*»??«-r * c i *5-cif 
[0 116] 3 6{cit*:«4«. iHiiEfiiitc. M&^ifm 
ic-^o^m^^Lxm 1 MHSsp. 112 i^HssuafeDf 

SOT(c> »i -mzwrnm^^m^ctvywrn^ifi 
M@ssi5?r«s c i mi ik!Km?t^t\tmts.hikxm 
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«)r/h$l,»K:fc3ti^*^to6T, \-)ii'icjtcxmi -112 

to 1 1 7] s?.{cs:fci«*s4«. mmac. 

mtc<ov. mi •m2 -aaMssastcafwci*^ 
?6M«g5sci{cj;or. mmi<o'i^mi -mz m lo 

^bfcmi 'm2ikxm^^iwni?>ctiii-c^i>. . 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To cancel the delay of 
torque transmitting time from the torque input side the 
torque output side in a torque detecting device, and to 
make surely detectable the direction and magnitude of 
an applied torque using a simple structure. 
SOLUTION: The torque detecting device is provided with 
pair of fixed sections 21, 22 which are disposed on a 
rotational shaft 20 and spaced at a constant distance 
along the length of shaft, a permanently strained section 
23 which is disposed between the pair of fixed sections 
21, 22 and changes its magnetic properties in 
accordance with the applied torque, and a multi-layer 
solenoid winding coil 23 which is disposed around the 
permanently strained section 23 and electrically detects 
the magnetostrictive effect occurring in the permanently 
strained section 23. The permanently strained section 23 
in the rotational shaft 20 is a section in which the 
permanent strain is given by twisting the fixed sections 
21,22. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim 1] Torque detection equipment which prepared the permanent set section from 
which it has a fixed distance in the direction of an axial-length hand, the fixed part-ed of 
a couple is prepared in it, a permanent set is given to the axis of rotation by twisting a 
fixed part-ed between the fixed parts-ed of these couples, and a magnetostriction 
property changes according to operation torque, and prepared the detecting element 
which detects electrically the magnetostrictive effect produced around this permanent 
set section at the permanent set section. 

[Claim 2] Have a fixed distance in the direction of an axial-length hand, and the fixed 
part-ed of a couple is prepared in the axis of rotation. And the magnetostriction film 
with which distortion was given by consisting of a deposit from which a 
magnetostriction property changes between the fixed parts-ed of a couple according to 
operation torque, and twisting the fixed part-ed of a couple is prepared over a perimeter 
by predetermined width of face, the front face of the aforementioned axis of rotation ~ 
Torque detection equipment which prepared the detecting element which detects 
electrically the magnetostrictive effect produced on the magnetostriction film around 
this magnetostriction film. 

[Claim 3] It is electric power-steering equipment carried as a steering torque sensor 
which detects the steering torque of the steering system which generated torque 
detection equipment according to claim 1 or 2 with the steering wheel for vehicles. The 
aforementioned axis of rotation is a pinion shaft which rotates through a universal 
coupling with the aforementioned steering wheel, one side of the fixed part-ed of the 
aforementioned couple It is the spline bond part or serration bond part formed in the 
end section of the aforementioned pinion shaft to connect with the aforementioned 
universal coupling, another side of the fixed part-ed of the aforementioned couple 
Electric power-steering equipment carrjdng the torque detection equipment 
characterized by being the pinion of the rack-and-pinion mechanism connected with a 
steering wheel. 

[Claim 4] A fixed part-ed [ 3 ] is prepared in this order, a distance fixed to the axis of 
rotation in the direction of an axial-length hand — having ~ the ~ the [ a fixed part-ed / 1 
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/ and ] ~ the [ a fixed part-ed / 2 / and ] — The 1st permanent set section from which a 
permanent set is given by twisting a fixed part-ed [ 2 ], and a magnetostriction property 
changes according to operation torque is prepared, the [ these ] ~ the [ 1 and ] — between 
fixed parts-ed [ 2 ] — the — the [ 1 and ] — The 2nd permanent set section from which a 
permanent set which is different from the aforementioned 1st permanent set section by 
twisting a fixed part-ed [ 3 ] is given, and a magnetostriction property changes 
according to operation torque is prepared, the [ aforementioned ] — the [ 2 and ] — 
between fixed parts-ed [ 3 ] ~ the — the [ 2 and ] — Torque detection equipment which 
prepared the detecting element which detects electrically the magnetostrictive effect 
produced around these lst-2nd permanent set section at the lst-2nd permanent set 
section. 

[Claim 5] A fixed part-ed [ 3 ] is prepared in this order, a distance fixed to the axis of 
rotation in the direction of an axial-length hand — having — the — the [ a fixed part-ed / 1 
/ and ] — the [ a fixed part-ed / 2 / and ] — The 1st magnetostriction film with which 
distortion was given by twisting a fixed part-ed [ 2 ] is prepared over a perimeter by 
predetermined width of face, the front face of the aforementioned axis of rotation - the 
[ and ] ~ the [ 1 and ] — from the deposit from which a magnetostriction property 
changes between fixed parts-ed [ 2 ] according to operation torque — becoming — the — 
the [ 1 and ] - The 2nd magnetostriction film with which distortion which is different 
from the aforementioned 1st magnetostriction film by twisting a fixed part-ed [ 3 ] was 
given is prepared over a perimeter by predetermined width of face, the front face of the 
aforementioned axis of rotation — the [ and ] ~ the [ 2 and ] ~ from the deposit from 
which a magnetostriction property changes between fixed parts-ed [ 3 ] according to 
operation torque — becoming — the — the [ 2 and ] — around these lst-2nd 
magnetostriction film Torque detection equipment which prepared the detecting 
element which detects electrically the magnetostrictive effect produced on the lst-2nd 
magnetostriction film. 

[Claim 6] It is electric power-steering equipment carried as a steering torque sensor 
which detects the steering torque of the steering system which generated torque 
detection equipment according to claim 4 or 5 with the steering wheel for vehicles, the 
pinion shaft which rotates the aforementioned axis of rotation through a universal 
coupling with the aforementioned steering wheel ~ it is — the [ aforementioned ] - a 
fixed part-ed [ 1 ] the spline bond part formed in the end section of the aforementioned 
pinion shaft to connect with the aforementioned universal coupling, or a serration bond 
part — it is — the [ aforementioned ] — a fixed part-ed [ 3 ] Electric power-steering 
equipment canning the torque detection equipment characterized by being the pinion of 
the rack-and-pinion mechanism connected with a steering wheel. 
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[Detailed Description of the Invention] 
[0001] 

[Tlie technical field to which invention belongs] this invention relates to the electric 
power-steering equipment carrying torque detection equipment and torque detection 
equipment. 
[0002] 

[Description of the Prior Art] There are many kinds as torque detection equipment 
which detects the torque which acted on the axis of rotation, and there is a method 
using a torsion bar spring as the typical thing. As this kind of torque detection 
eqiiipment, JP,7-333082,A "a steering torque sensor" (henceforth a "Prior art") is known, 
for example. 

[0003] The above-mentioned Prior art is an input shaft 6 (the number quoted what was 
indicated by the official report.) as shown in drawing 1 of this ofiicial report. It is below 
the same. Between output shafts 7 is connected by the torsion bar spring 8, and close 
[ these ] and an output shaft 6, and relative angle of torsion between seven are detected 
by sensing coils 2a and 2b. This torque detection equipment can be carried in electric 
power-steering equipment. That is, torque detection equipment detects close and an 
output shaft 6, and the steering torque that acted among seven through a steering 
wheel, the auxiliary torque according to steering torque is generated with a motor, and 
steering torque can be assisted with adding auxiliary torque to a steering system 
through a reducer style with auxiliary torque. Consequently, an operator's control force 
can be mitigated and comfortable steering feeling (steering feeling) can be given. 
[0004] 

[Problem(s) to be Solved by the Invention] an angle only with the part relative between 
close and an output shaft 6, and 7 since the above-mentioned Prior art uses a torsion 
bar spring 8 which was able to twist the torsion bar spring 8 according to torque ~ a 
variation rate occurs When this torque detection equipment is carried in electric 
power-steering equipment, in operation of a steering wheel, some time lag arises to 
steering of a steering wheel. The amount of torsion of the torsion bar spring 8 at the 
time of steering increases, so that the vehicle speed increases by decreasing auxiliary 
torque especially according to the increase in the vehicle speed, when it is made to 
increase the feeling of a response of a steering wheel. The time lag generated according 
to the amount of torsion has delicate influence on steering feeling. On the other hand, in 
electric power-steering equipment, raising an operator's steering feeling as much as 
possible is called for. However, when the above-mentioned conventional torque detection 
equipment is carried, there is a limitation in raising steering feeling more. 
[0005] offering the technology in_which of the direction and the size of operation torque 
are certainly detectable with easy composition, while the purpose of this invention can 
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cancel the delay of the torque transfer time from a torque input side to a torque output 
side in (1) torque detection equipment, and (2) — it is in offering the technology which 
can apply such torque detection equipment to electric power-steering equipment 
[ then, ] 
[0006] 

[Means for Solving the Problem] It is torque detection equipment which prepared the 
permanent set section from which a permanent set is given because a claim 1 has a 
fixed distance in the direction of an £ixial-length hand, prepares the fixed part-ed of a 
couple in the axis of rotation and twists a fixed part-ed between the fixed parts-ed of 
these couples in order to attain the above-mentioned ptirpose, and a magnetostriction 
property changes according to operation torque, and prepared the detecting element 
which detects electrically the magnetostrictive effect produced around this permanent 
set section at the permsuient set section. 

[0007] Since the axis of rotation of torque detection equipment is a shaft of one which is 
not divided into a torque input side and a torque output side, when torque acts, its angle 
of torsion (angle variation rate) is very small, and it ends. Even if angle of torsion of the 
axis of rotation is small, torque is promptly detectable by detecting the magnetostrictive 
effect produced in the permanent set section according to torque by the detecting 
element. 

[0008] Furthermore, it is hanging and twisting a tool and a fixture to the fixed part-ed 
of a couple, and the permanent set section which gave the exact permanent set between 
fixed parts-ed among the axes of rotation was prepared. This permanent set section is a 
portion from which a magnetostriction property changes according to operation torque. 
By preparing the permanent set section in the axis of rotation, the zero of the 
magnetostriction characteristic curve of the permanent set section shifts to the zero 
before giving a permanent set. By detecting the magnetostrictive effect produced in the 
permanent set section in a detecting element, the direction and size of torque which act 
on the axis of rotation are detectable. 

[0009] A claim 2 has a fixed distance in the direction of an axial-length hand, and 
prepares the fixed part-ed of a couple in the axis of rotation. And the magnetostriction 
film with which distortion was given by consisting of a deposit from which a 
magnetostriction property changes between the fixed parts-ed of a couple according to 
operation torque, and twisting the fixed part-ed of a couple is prepared over a perimeter 
by predetermined width of face, the front face of the axis of rotation — It is torque 
detection equipment which prepared the detecting element which detects electrically 
the magnetostrictive effect produced on the magnetostriction film around this 
magnetostriction film. 

[0010] Since the axis of rotation of torque detection equipment is a shaft of one which is 
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not divided into a torque input side and a torque output side, when torque acts, its angle 
of torsion is very smsdl, and it ends. Even if angle of torsion of the axis of rotation is 
small, torque is promptly detectable by detecting the magnetostrictive effect produced 
on a magnetostriction film according to torque by the detecting element. 
[0011] Furthermore, it is hanging and twisting a tool and a fixture to the fixed part-ed of 
a couple, and the magnetostriction film which gave an exact distortion between fixed 
parts-ed among the axes of rotation was prepared. This magnetostriction film is a 
portion fi:om which a magnetostriction property changes according to operation torque. 
By preparing the magnetostriction film which gave distortion in the axis of rotation, the 
zero of the magnetostriction characteristic curve of a magnetostriction film shifts to the 
zero before giving distortion. By detecting the magnetostrictive effect produced in the 
axis of rotation in a detecting element, the direction and size of torque which act on the 
axis of rotation are detectable. 

[0012] The torque which twists the axis of rotation is [ which gives distortion ] only 
small on a magnetostriction film, and lives in it further again. This torque is a grade 
which twists the axis of rotation loosely in an elastic field. Since it is not necessary to 
input excessive torque into a fixed part-ed, management of torque is still easier and can 
mal^e precision of torque high. And since it is the grade which twists the axis of rotation 
loosely in an elastic field, the facility which inputs torque into a fixed part-ed can be 
carried out to easy and lightweight composition. 

[0013] A claim 3 is electric power-steering equipment carried as a steering torque sensor 
which detects the steering torque of the steering system which generated torque 
detection equipment according to claim 1 or 2 with the steering wheel for vehicles. The 
axis of rotation is a pinion shaft which rotates through a universal coupling with a 
steering wheel, and a claim 3 is the spline bond part or serration bond part which one 
side of the fixed part-ed of a couple formed in the end section of a pinion shaft to connect 
with a universal coupling, and is characterized by another side of the fixed part-ed of a 
couple being the pinion of the rack-and-pinion mechanism connected with a steering 
wheel. 

[0014] Since the axis of rotation of the torque detection equipment carried in electric 
power-steering equipment is a shaft of one which is not divided into a torque input side 
and a torque output side, when steering torque acts, its angle of torsion is very small, 
and it ends. For this reason, a time lag does not arise in operation of a steering wheel to 
steering of a steering wheel. Therefore, the responsibility of the electric power-steering 
equipment which is made to generate the auxiliary torque according to steering torque, 
and is assisted can be raised more. For this reason, steering feeling can be raised more. 
By decreasing auxiliary torque especially according to the increase in the vehicle speed, 
even if it is the case where it is made to increase the feeling of a response of a steering 
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wheel, angle of torsion of the axis of rotation is very small, and ends. For this reason, 
when a steering wheel is steered, the steering angle can be directly transmitted to a 
steering wheel, and good clever steering of responsibility is attained. 
[0015] Furthermore, since the spline bond part or serration bond part of the axis of 
rotation serves as the role of one fixed part-ed and the pinion of the axis of rotation 
served as the role of the fixed part-ed of another side, it is not necessary to prepare the 
fixed part-ed for hanging and twisting a tool and a fixture. Therefore, the rigidity of the 
axis of rotation can be raised more. 

[0016] distance with a claim 4 fixed to the axis of rotation in the direction of an 
axial-length hand ~ having ~ the ~ a fixed part-ed [ 1 ] - the - the [ a fixed part-ed / 2 / 
and ] ~ a fixed part-ed [ 3 ] - this order — preparing — the [ these ] — the [ 1 and ] ~ 
between fixed parts-ed [ 2 ] The 1st permanent set section firom which a permanent set 
is given by twisting a fixed part-ed [ 2 ], and a magnetostriction property changes 
according to operation torque is prepared, the — the [ 1 and ] — The 2nd permanent set 
section firom which a permanent set which is different firom the 1st permanent set 
section by twisting a fixed part-ed [ 3 ] is given, and a magnetostriction property 
changes according to operation torque is prepared, the ~ the [ 2 and ] — between fixed 
parts-ed [ 3 ] — the — the [ 2 and ] — It is torque detection equipment which prepared the 
detecting element which detects electrically the magnetostrictive effect produced 
around these lst-2nd permanent set section at the lst-2nd permanent set section. 
[0017] Since the axis of rotation of torque detection equipment is a shaft of one which is 
not divided into a torque input side and a torque output side, when torque acts, its angle 
of torsion is very small, and it ends. Even if angle of torsion of the axis of rotation is 
small, torque is promptly detectable by detecting the magnetostrictive effect produced 
in the permanent set section according to torque by the detecting element. 
[0018] the [ furthermore, ] ~ the [ 1 and ] — the [ 2 and ] ~ twisting the tool hung on the 
fixed part-ed [ 3 ], and a fixture — it is — the inside of the axis of rotation — the — the [ 1 
and ] - the [ 2 and ] -- the lst-2nd permanent set section which differed mutually and 
gave the exact permanent set was prepared between fixed parts-ed [ 3 ] The lst-2nd 
permanent set section is a portion firom which a magnetostriction property changes 
according to operation torque. By preparing the lst-2nd permanent set section in the 
axis of rotation, the zero of the magnetostriction characteristic curve of the lst-2nd 
permanent set section shifts to the zero before giving a permanent set. The 
magnetostriction property of the 2nd permanent set section has a different property to 
the magnetostriction property of the 1st permanent set section. While the direction and 
size of torque which act on the axis of rotation are detectable by detecting respectively 
the magnetostrictive effect produced in the lst-2nd permanent set section which has a 
mutually different magnetostriction property in a detecting element, troubleshooting of 
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torque detection equipment can be carried out by comparing two different detection 
values. And if the difference of two different detection values changes in torque 
measuring range, based on the difference of two detection values, it can acquire the 
signal property which eliminated the influence of the temperature characteristic and 
was stabilized, and can obtain the more excellent torque detecting signal which does not 
change to change of environmental temperature. 

[0019] distance with a claim 5 fixed to the axis of rotation in the direction of an 
axial-length hand ~ having ~ the - a fixed part-ed [ 1 ] ~ the - the [ a fixed part-ed / 2 / 
and ] - a fixed part-ed [ 3 ] ~ this order — preparing — the fix)nt face of the axis of 
rotation ~ the [ and ] - the [ 1 and ] ~ between fixed parts-ed [ 2 ] The 1st 
magnetostriction film with which distortion was given by twisting a fixed part-ed [ 2 ] is 
prepared over a perimeter by predetermined width of face. fi:'om the deposit firom which 
a magnetostriction property changes according to operation torque ~ becoming — the ~ 
the [ 1 and ] - The 2nd magnetostriction film with which distortion which is different 
fi"om the 1st magnetostriction film by twisting a fixed part-ed [ 3 ] was given is prepared 
over a perimeter by predetermined width of face, the firont face of the axis of rotation ~ 
the [ and ] — the [ 2 and ] ~ from the deposit firom which a magnetostriction property 
changes between fixed parts-ed [ 3 ] according to operation torque ~ becoming ~ the — 
the [ 2 and ] — It is torque detection equipment which prepared the detecting element 
which detects electrically the magnetostrictive effect produced on the lst-2nd 
magnetostriction film around these lst-2nd magnetostriction film. 

[0020] Since the axis of rotation of torque detection equipment is a shaft of one which is 
not divided into a torque input side and a torque output side, when torque acts, its angle 
of torsion is very small, and it ends. Even if angle of torsion of the axis of rotation is 
small, torque is promptly detectable by detecting the magnetostrictive effect produced 
on the lst-2nd magnetostriction film according to torque by the detecting element. 
[0021] the [ fiirthermore, ] — the [ 1 and ] — the [ 2 and ] — twisting the tool hung on the 
fixed part-ed [ 3 ], and a fixture ~ it is — the inside of the axis of rotation — the — the [ 1 
and ] ~ the [ 2 and ] - the lst-2nd magnetostriction film which differed mutually and 
gave an exact distortion was prepared between fixed parts-ed [ 3 ] The lst-2nd 
magnetostriction film is a portion firom which a magnetostriction property changes 
according to operation torque. By preparing the lst-2nd magnetostriction film in the 
axis of rotation, the zero of the magnetostriction characteristic curve of the lst-2nd 
magnetostriction film shifl^s to the zero before giving distortion. The magnetostriction 
property of the 2nd magnetostriction film has a different property to the 
magnetostriction property of the 1st magnetostriction film. While the direction and size 
of torque which act on the axis of rotation are detectable by detecting respectively the 
magnetostrictive effect produced on the lst-2nd magnetostriction film which has a 
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mutually different magnetostriction property in a detecting element, troubleshooting of 
torque detection equipment can be carried out by comparing two different detection 
values. And if the difference of two different detection values changes in torque 
measuring range, based on the difference of two detection values, it can acquire the 
signal property which eliminated the influence of the temperature characteristic and 
was stabilized, and can obtain the more excellent torque detecting signal which does not 
change to change of environmental temperature. 

[0022] The torque which twists the axis of rotation is [ which gives distortion ] only 
small on the lst-2nd magnetostriction film, and lives in it further again. This torque is a 
grade which twists the axis of rotation loosely in an elastic field, the — the [ 1 and ] ~ the 
[ 2 and ] — since it is not necessary to input excessive torque into a fixed part-ed [ 3 ], 
management of torque is still easier and can make precision of torque high and ~ since 
it is the grade which twists the axis of rotation loosely in an elastic field — the — the [ 1 
and ] ~ the [ 2 and ] — the facility which inputs torque into a fixed part-ed [ 3 ] can be 
carried out to easy and lightweight composition 

[0023] A claim 6 is electric power-steering equipment carried as a steering torque sensor 
which detects the steering torque of the steering system which generated torque 
detection equipment according to claim 4 or 5 with the steering wheel for vehicles, the 
pinion shaft on which the axis of rotation rotates a claim 6 through a universal coupling 
with a steering wheel — it is — the — the spline bond part which the fixed part-ed [ 1 ] 
formed in the end section of a pinion shaft to connect with a universal coupling, or a 
serration bond part — it is ~ the ~ a fixed part-ed [ 3 ] is characterized by being the 
pinion of the rack-and-pinion mechanism connected with a steering wheel 
[0024] Since the axis of rotation of the torque detection equipment carried in electric 
power-steering equipment is a shaft of one which is not divided into a torque input side 
and a torque output side, when steering torque acts, its angle of torsion is very small, 
and it ends. For this reason, a time lag does not arise in operation of a steering wheel to 
steering of a steering wheel. Therefore, the responsibility of the electric power-steering 
equipment which is made to generate the auxiliary torque according to steering torque, 
and is assisted can be raised more. For this reason, steering feeling can be raised more. 
By decreasing auxiliary torque especially according to the increase in the vehicle speed, 
even if it is the case where it is made to increase the feeling of a response of a steering 
wheel, angle of torsion of the axis of rotation is very small, and ends. For this reason, 
when a steering wheel is steered, the steering angle can be directly transmitted to a 
steering wheel, and good clever steering of responsibility is attained. 
[0025] furthermore, the spline bond part or serration bond part of the axis of rotation — 
the — the role of a fixed part-ed [ 1 ] — serving — the pinion of the axis of rotation — the ~ 
as the fixed part-ed for hanging and twisting a tool and a fixture, since it served as the 
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role of a fixed part-ed [ 3 ] ~ the — only a fixed part-ed t 2 ] is required Therefore, the 

rigidity of the axis of rotation can be raised more. 

[0026] 

[Embodiments of the Invention] The form of operation of this invention is explained 
below based on an accompanying drawing. In addition, a drawing shall be seen to the 
sense of a sign. The 1st example of the electric power-steering equipment which carried 
torque detection equipment and torque detection equipment first is explained based on 
drawing 1 - drawing 6 . 

[0027] Drawing 1 (a) - (e) is manufacture [ a block diagram-cum-] procedure explanatory 
drawing of the torque detection equipment (the 1st example) concerning this invention. 
The torque detection equipment 10 of the 1st example shown in (e) The permanent set 
section 23 fi:om which a permanent set is given to the pillar-lilte axis of rotation 20, and 
a magnetostriction property changes according to operation torque is formed. It is the 
magnetostriction formula torque sensor forms the detecting element 30 which detects 
electrically the magnetostrictive effect produced in the permanent set section 23 in the 
circumference of this permanent set section 23, processes the detecting signal of a 
detecting element 30 to it in the output circuit section 40, and it was made to output to 
it as a torque detecting signal. 

[0028] The quality of the materials of the axis of rotation 20 are ferromagnetic material, 
such as for example, nicl5:el-chromium-molybdenum steel steel materials (JIS-G -4103, 
sign;SNCM). The 1st example is characterized by having a fixed distance in the 
direction of an axial-length hand at the axis of rotation 20, having formed the fixed 
parts 21 and 22-ed of a couple, and forming the permanent set section 23 to which the 
permanent set was given by twisting the fixed parts 21 and 22-ed between the fixed part 
21-ed of these couples, and 22. 

[0029] the tubed coil bobbin 31 which formed the detecting element 30 so that the 
permanent set section 23 of the axis of rotation 20 might be surrounded, and let the axis 
of rotation 20 pass, the multilayer solenoidal coil 32 (only henceforth "a coil 32") wound 
aroimd the coil bobbin 31, and the back yoke 33 for magnetic shielding surroimding the 
circumference of a coil 32 — since — it becomes A coil 32 has a minute opening firom the 
peripheral face of the axis of rotation 20, it is arranging in the magnetic circuit of the 
axis of rotation 20, and an impedance changes according to change of permeability when 
torque acts on the permanent set section 23. 

[0030] Next, the procedure which forms the permanent set section 23 in the axis of 
rotation 20, and attaches a detecting element 30 to it is explained based on drawing 1 
(a) - (e). (b) is the b-b line cross section of (a), (a) and as shown in (b), the fixed parts 21 
and 22-ed of a couple formed the peripheral face of the axis of rotation 20 by 2 beveling 
or beveling four times — it is the flat side of a couple at least In order to form the 
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permanent set section 23 in the axis of rotation 20, it is that hang tools 51 and 52 on the 
up-and-down fixed parts 21 and 22-ed, and only a predetermined angle twists the axis of 
rotation 20, and a predetermined permanent set is given. 

[0031] for example, — first — (a) — setting — the up-and-down fixed parts 21 and 22-ed — 
the tools 51 and 52 of the letter of 2 division (the shape of a half-rate) ~ guessing — a 
bolt 53 — it attaches in ... A tool 51 is the disk-like member which combined the tool half 
objects 51A and 5 IB on either side. A tool 52 is the disk-like member which combined 
the tool half objects 52A and 52B on either side. In addition, in order to make easy an 
understanding of the "torsion state" of the axis of rotation 20, the reference line SL 
prolonged in the direction of an axial-length hand on the fii-ont face of the axis of rotation 

20 was indicated. Since there is no twist in the axis of rotation 20 of (a), a reference line 
SL is a straight line. 

[0032] Next, while fixing one tool 51 in (c), the tool 52 of another side is twisted, or by 
twisting the up-and-down tools 51 and 52 to an opposite direction mutually, add 
excessive torque predetermined time, the axis of rotation 20 is made to deform 
plastically, and a permanent set is given. The torque at this time is about 30-40 Kgf-m. 
[0033] Except for torque, tools 51 and 52 are removed from the up-and-down fixed parts 

21 and 22-ed after that. Thus, as shown in (d), a permanent set can be given between 
the fixed part 21-ed and 22 among the axes of rotation 20. The portion to which the 
permanent set was given among the axes of rotation 20 serves as the permanent set 
section 23. In this state, since a twist is in the axis of rotation 20, a reference line SL 
becomes spiral. Then, torque detection equipment 10 can be obtained by attaching a 
detecting element 30 to the axis of rotation 20 which formed the permanent set section 
23, as shown in (e). 

[0034] The 1st example is characterized by being having a fixed distance in the direction 
of an axial-length hand, forming the fixed parts 21 and 22-ed of a couple in the axis of 
rotation 20, and twisting the fixed parts 21 and 22-ed [ these ], and forming the 
permanent set section 23 which gave the fixed part 21-ed of a couple, and the 
permanent set predetermined to between 22 so that clearly firom the above explanation. 
TdoIs 51 and 52 and a fixture can be hung on the fixed parts 21 and 22-ed of a couple 
certainly and stably. Therefore, a predetermined permanent set can be given correctly 
and certainly between the fixed part 21-ed and 22 among the axes of rotation 20 because 
only a predetermined angle twists tools 51 and 52 and a fixture. 

[0035] Drawing 2 is the circuit diagram of the torque detection equipment (the 1st 
example) concerning this invention. The output circuit section 40 of torque detection 
equipment to the series circuit 42 which carried out the series connection of the 
resistance 41 of a coil 32 and resistance regularity Impress alternating voltage fi:'om the 
alternating-voltage source of supply 43, change change of the impedance of a coil 32 into 
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alternating voltage, and it takes out as a detecting signal of a detecting element 30. 
After diode 44 rectifies the detecting signal of this alternating voltage, it changes into 
the detecting signal of direct current voltage with few noises by the low pass filter 45, 
the detecting signal of this direct current voltage is amplified with amplifier 46, and it is 
made to output fi^om an output terminal 47 as a torque detecting signal. The circuit 
which connected diode 44 to the series circuit 42 is a rectifier circuit. A low pass filter 45 
is a smoothing circuit which consists of resistance 48 and a capacitor 49. 
[0036] Drawing 3 is the magnetostriction property view of the torque detection 
equipment (the 1st example) concerning this invention, shows change of Tbrque T which 
acts on the axis of rotation at a horizontal axis, and shows change of the impedance of a 
coil to a vertical axis. The property on either side of the magnetostriction characteristic 
ctirve SP is an axial symmetry here to the vertical line by which the torque zero Tl 
(point of torque T= 0) of a horizontal axis to a right half is a property when clockwise 
torque acts on the axis of rotation 20, and the torque zero Tl to a left half is a property 
when counterclockwise torque acts on the axis of rotation 20, and passes along the 
torque zero Tl. For this reason, it cannot distinguish whether it is clockwise torque or it 
is counterclockwise torque fi:*om the absolute value of the impedance of a coil 32, i.e., the 
absolute value of the permeability of the axis of rotation 20. 

[0037] Then, this invention person etc. found out that the torque zero Tl of the axis of 
rotation 20 adopted as torque detection equipment could be shifted at the torque zero T2 
(torque T!=0) by twisting the axis of rotation 20 and giving a permanent set, as a result 
of considering the relation of the permeability of the magnetic axis of rotation 20 to 
operation torque. That is, the torque operation start point was moved. 
[0038] As a result of giving a permanent set, the magnetostriction characteristic curve 
SP has a property with an unsymmetrical property on either side to the vertical line 
which passes along the torque zero T2. Therefore, the size of the absolute value of an 
impedance shows the direction and size of torque by using the ranges Al and A2 of the 
right-and-left regularity on the basis of the torque zero T2 among the magnetostriction 
characteristic curves SP. 

[0039] As mentioned above, by using the axis of rotation 20 to which the exact 
permanent set was given, the permeability of the permanent set section 23 can change 
according to the torque which acts on the axis of rotation 20 shown in above-mentioned 
drawing 2 , and the direction of torque and the value of torque can be correctly detected 
by detecting change of the impedance in the coil 32 at this time in the output circuit 
section 40, 

[0040] Next, the example which carried the torque detection equipment 10 of the 1st 
example of the above in electric power-steering equipment is explained. Drawing 4 is 
the ** type view of the electric power-steering equipment (the 1st example) concerning 
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this invention. The electric power-steering equipment 60 of the 1st example consists of a 
steering system 70 from the steering wheel 71 of vehicles to the steering wheels (front 
wheel) 79 and 79, and an auxiliary torque mechanism 80 in which auxiliary torque is 
added to this steering system 70. 

[0041] The steering system 70 connects the axis of rotation 20 with a steering wheel 71 
through a steering shaft 72 and universal couplings 73 and 73, connects the rack shaft 
76 with the axis of rotation 20 through the rack-and-pinion mechanism 75, and connects 
the steering wheels 79 and 79 on either side with the ends of the rack shaft 76 through 
tie rods 77 and 77 and knuckles 78 and 78 on either side. The rack-and-pinion 
mechanism 75 engages rack 76a formed in the rack shaft 76 to the pinion 26 formed in 
the axis of rotation 20. The steering wheels 79 and 79 on either side can be steered 
through the rack-and-pinion mechanism 75 and the tie rods 77 and 77 on either side by 
this steering torque because an operator steers a steering wheel 71. 
[0042] The axixiliary torque mechanism 80 detects the steering torque of the steering 
system 70 added to the steering wheel 71 with torque detection equipment 10. Based on 
this torque detecting signal, generate a control signal in control means 81, generate the 
auxiliary torque according to steering torque with a motor 82 based on this control 
signal, and the reducer style 84 and the axis of rotation 20 are minded for auxiliary 
torque. It can transmit to the rack-and-pinion mechanism 75 of the steering system 70, 
and the steering wheels 79 and 79 on either side can be steered by this rack-and-pinion 
mechanism 75 and the tie rods 77 and 77 on either side. Therefore, steering wheels 79 
and 79 can be steered by the compound torque which added the auxiliary torque of a 
motor 82 to an operator's steering torque. 

[0043] Drawing 5 is the whole electric power-steering equipment (1st example) block 
diagram concerning this invention, carries out the cross section of the left end section 
and the right end section, and expresses them. This drawing shows that the rack shaft 
76 of electric power-steering equipment 60 was held in the housing 91 prolonged in the 
cross direction (drawing longitudinal direction) possible [ the slide to shaft orientations ]. 
The rack shaft 76 is a shaft which connected tie rods 77 and 77 with the longitudinal 
direction ends which projected from housing 91 through swivel joints 92 and 92. 93 and 
93 are the boots for dust seals. 

[0044] Drawing 6 is the 6-6 line cross section of drawing 5 , and shows the 
longitudinal-section structure of electric power-steering equipment 60. Electric 
power-steering equipment 60 contains torque detection equipment 10, the axis of 
rotation 20, the rack-and-pinion mechanism 75, and the reducer style 84 in housing 91, 
and plugs up up opening of this housing 91 with the up covering section 94. Torque 
detection equipment 10 is attached in the up covering section 94. 

[0045] Housing 91 is equipped with the rack guide 100 while it supports the upper part, 
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the longitudinal center section, and soffit of the axis of rotation 20 prolonged up and 
down possible [ rotation ] through three bearing 95-97 and attaches a motor 82 further. 
[0046] The axis of rotation 20 is a pinion shaft which rotates through a universal 
coupling 73 with a steering wheel 71 as shown in above-mentioned drawing 4 . That is, 
the axis of rotation 20 forms in the upper-limit section (end section) the spline bond part 
25 or the serration bond part 25 connected with a universal coupling 73, and forms a 
pinion 26 in the soffit section (other end). 

[0047] The raclt guide 100 applies the guide section 101 to the rack shaft 76 from the 
opposite side of rack 76a, gives pre-load to rack 76a by pushing by the adjusting bolt 103 
through compression spring 102 further, and forces rack 76a on a pinion 26. 104 is a 
locknut. 

[0048] The reducer style 84 is the worm-gearing style which transmits the auxiliary 
torque generated with the motor 82 to the axis of rotation 20, i.e., a redoubling 
mechanism. If it states in detail, the reducer style 84 will consist of a worm 85 prepared 
in the output shaft 83 of a motor 82, and a worm gear 86 (only henceforth "a wheel 86") 
engaged to warm 85 while combining with the axis of rotation 20. a wheel 86 ~ the axis 
of rotation 20 ~ burning — inserting in ~ etc. — it combines with one substantially For 
111, as for the snap ring and 115, oil seal, and 112-114 are [ a spacer and 116 ] O rings 
among drawing. 

[0049] Next, other examples of the electric power-steering equipment carrying torque 
detection equipment and torque detection equipment are explained. In addition, the 
same sign is attached about the same composition as the 1st example shown in the 
above-mentioned drawing 1 -6, and the explanation is omitted. 

[0050] Drawing 7 (a) - (f) is manufacture [ a block diagram-cum-] procedure explanatory 
drawing of the torque detection equipment (the 2nd example) concerning this invention. 
The detection equipment 200 of the 2nd example of torque shown in (f) is the 
magnetostriction formula torque sensor formed the magnetostriction film 201 in the 
front face of the axis of rotation 20 over the perimeter by the predetermined width of 
face W, and forms the detecting element 30 which detects electrically the 
magnetostrictive effect produced on the magnetostriction film 201 in the circumference 
of this magnetostriction film 201, processes the detecting signal of a detecting element 
30 to it in the output circuit section 40, and it was made to output to it as a torque 
detecting signal. 

[0051] The magnetostriction film 201 consists of a fixed part 21-ed of a couple, and a 
given thickness Mino deposit prepared among 22. This deposit is a film from which a 
magnetostriction property changes according to operation torque, and is characterized 
by giving distortion by twisting the fixed parts 21 and 22-ed of a couple. The 
magnetostriction film 201 is a film which consists of a large material of change of flux 
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density to change of distortion, for example, is an alloy film of the nickel-Fe system 
formed in the peripheral face of the axis of rotation 20 with gaseous-phase plating. The 
thickness of this alloy film is ahout 5-20 micrometers. As for the alloy film of a nickel-Fe 
system, it is desirable to be in the inclination for a magnetostrictive effect to increase, 
since a magnetostriction constant becomes large when it contains 50% of the weight in 
general with the case where nickel is included in general 20% of the weight, and to use 
the material of such nickel content. For example, the material whose remainder is Fe is 
used as an alloy film of a nickel-Fe system, including nickel 50 to 60% of the weight. In 
addition, the magnetostriction film 201 may be a film of a permalloy (nickel; about 78 % 
of the weight, Fe; remainder) or a supermaUoy (nickel;78 % of the weight, Mo;5 % of the 
weight, Fe; remainder) that what is necessary is just the film of a ferromagnetic. Here, 
nickel is [ iron and Mo of nickel and Fe ] molybdenum. 

[0052] As mentioned above, since the magnetostriction film 201 with which distortion 
was given was formed in the axis of rotation 20, when torque acts on the 
magnetostriction film 201 through the axis of rotation 20, the permeability of the 
magnetostriction film 201 can change according to this torque, and the direction of 
torque and the value of torque can be detected by detecting change of the impedance in 
the coil 32 shown in above-mentioned drawing 2 at this time in the output circuit 
section 40. 

[0053] Next, the procediire which forms the magnetostriction film 201 with distortion in 
the axis of rotation 20 of the above-mentioned composition, and attaches a detecting 
element 30 to it is explained based on drawing 7 (a) - (f). (b) is the b-b line cross section 
of (a), (a) About the procedure shown in - (c), since it is the same as the procedure shown 
in above-mentioned drawing 1 (a) - (c), explanation is omitted. However, the torque and 
torque operation time at the time of twisting the axis of rotation 20 are smaller than the 
1st example, and are a grade by which a permanent set does not remain in 
axis-of-rotation 20 the very thing. That is, the axis of rotation 20 is loosely twisted in an 
elastic field. This torque is about 3-6 Kgf-m. 

[0054] (d) shows the state where the axis of rotation 20 was twisted. In this state, since 
a twist is in the axis of rotation 20, a reference line SL becomes spiral, next, this state 
where it twisted ~ the peripheral face of the axis of rotation 20 — and the 
magnetostriction film 201 which consists of a deposit is formed in the predetermined 
position between the fixed part 21-ed and 22 by performing plating processing In 
addition, in order to make easy an tmderstanding of the "torsion state" of the 
magnetostriction film 201, the reference line SL 1 prolonged in the direction of an 
axial-length hand on the fi^ont face of the magnetostriction film 201 was indicated. In (d), 
since there is no twist in the magnetostriction film 201, a reference line SL 1 is a 
straight line of the direction of an axial-length hand. 
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[0055] Then, except for torque, the torsional-couple state of the axis of rotation 20 is 
restored, and tools 51 and 52 are removed from the up-and-down fixed parts 21 and 
22-ed. In this state, as shown in (e), since there is no twist in the axis of rotation 20, a 
reference line SL returns to the straight line of the direction of an axial-length hand. 
Moreover, since a twist is in the magnetostriction film 201, a reference line SL 1 
becomes spiral. Thus, distortion can be eternally given to the magnetostriction film 201 
as a result by making the magnetostriction film 201 transform eternally, as shown in (e). 
That is, distortion remains in the magnetostriction film 201 eternally only by returning 
the twisted axis of rotation 20. Then, torque detection equipment 200 can be obtained by 
attaching a detecting element 30 to the axis of rotation 20 which formed the 
magnetostriction film 201 like (f). 

[0056] According to the 2nd example, as a result, the torque which twists the axis of 
rotation 20 is [ which gives distortion ] only small on the magnetostriction film 201, and 
lives in it. This torque is a grade which twists the axis of rotation 20 loosely in an elastic 
field. Like the 1st example of the above, since it is not necessary to input excessive 
torque into the fixed parts 21 and 22-ed, management of torque is still easier. And since 
it is the grade which twists the axis of rotation 20 loosely in an elastic field, the facility 
which inputs torque into the fixed parts 21 and 22-ed can be carried out to easy and 
lightweight composition. 

[0057] Furthermore, since the input torque is small, the fixed parts 21 and 22-ed 
prepared in the axis of rotation 20 can be made small. That is, the flat side as fixed 
parts 21 and 22-ed shown in (b) can be made shallow. The torsional rigidity of the axis of 
rotation 20 can be raised more by maldng the part and the axis of rotation 20 into a 
major diameter. 

[0058] By in addition, the thing for which tools 51 and 52 are hung on the fixed parts 21 
and 22-ed [ ** ], and the axis of rotation 20 is twisted after performing plating 
processing and forming the magnetostriction film 201 between the fixed part 21-ed and 
22 among the ** axes of rotation 20 in the procedure of above-mentioned drawing 7 (a) - 
(f) ** By maldng the magnetostriction film 201 deform plastically and giving a 
predetermined permanent set, you may give distortion eternally to the magnetostriction 
film 201 as a result. 

[0059] Next, the example which carried the torque detection equipment 200 of 
above-mentioned composition and operation in electric power-steering equipment is 
explained. Drawing 8 is drawing of longitudinal section of the electric power-steering 
equipment (the 2nd example) concerning this invention, and is drawing corresponding 
to above-mentioned drawing 6 . The electric power-steering equipment 260 of the 2nd 
example is characterized by using the axis of rotation 20 which formed the 
magnetostriction film 201 with which distortion was given. About other composition, it 
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is the same as that of what is shown in above-mentioned drawing 4 - drawing 6 , and 
explanation is omitted. 

[0060] Drawing 9 is drawing of longitudinal section of the electric power-steering 
equipment (the 3rd example) concerning this invention, and is drawing corresponding 
to above-mentioned drawing 6 . The electric power-steering equipment 360 carrjdng the 
torque detection equipment 300 and the torque detection equipment 300 of the 3rd 
example While abolishing the fixed parts 21 and 22-ed of (1) couple to the torque 
detection equipment 10 and the electric power-steering equipment 60 of the 1st example 
which are shown in above-mentioned drawing 1 - drawing 6 (2) The feature of the spline 
bond part 25 or the serration bond part 25 of the axis of rotation 20 serving as the role of 
one fixed part 21-ed, and the pinion 26 of the (3) axis of rotation 20 having served as the 
role of the fixed part 22-ed of another side is carried out. 

[0061] The axis of rotation 20 combines a wheel 86 with a part for the axial-length 
in-its-hands center section substantially as mentioned above at one. Consequently, the 
rigidity of the portion which combined the wheel 86 among the axes of rotation 20 is 
very large. While hanging the tool on the spline bond part 25 or the serration bond part 
25, when a tool is hung on a pinion 26, these tools are turned and the axis of rotation 20 
is twisted, the axis of rotation 20 is not deformed plastically to homogeneity over the 
whole direction of an axial-length hand. Plastic deformation generates the axis of 
rotation 20 in a portion with the almost same cross section (the spline bond part 25 or 
the serration bond part 25, and the between [ of a path ] parts for wheel 86 bond part 
(i.e., the direction)). Therefore, the permanent set section 23 of this 3rd example can 
also acquire the same magnetostriction property as the 1st example shown in 
above-mentioned drawing 6 . And it is not necessary to prepare specially the fixed 
part-ed for hanging and twisting a tool and a fixture to the axis of rotation 20. Therefore, 
the rigidity of the axis of rotation 20 can be raised more. 

[0062] Drawing 10 is drawing of longitudinal section of the electric power-steering 
equipment (the 4th example) concerning this invention, and is drawing corresponding to 
above-mentioned drawing 8 . The electric power-steering equipment 460 carrying the 
torque detection equipment 400 and the torque detection equipment 400 of the 4th 
example While abolishing the fixed parts 21 and 22-ed of (1) couple to the torque 
detection equipment 200 and the electric power-steering equipment 260 of the 2nd 
example which are shown in above-mentioned drawing 7 - drawing 8 (2) The feature of 
the spline bond part 25 or the serration bond part 25 of the axis of rotation 20 serving as 
the role of one fixed part 21-ed, and the pinion 26 of the (3) axis of rotation 20 having 
served as the role of the fixed part 22-ed of another side is carried out. In the 4th 
example, it is not necessary to prepare specially the fixed part-ed for hanging and 
twisting a tool and a fixture to the axis of rotation 20 like the 3rd example of the above. 
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Therefore, the rigidity of the axis of rotation 20 can be raised more. 

[0063] Drawing 11 (a) - (e) is manufacture [ a block diagram-cum-] procedure 
explanatory drawing of the torque detection equipment (the 5th example) concerning 
this invention. The torque detection equipment 500 of the 5th example shown in (e) 2 
permanent set sections 525 are formed, the [ the 1st permanent set section 524 from 
which a permanent set is given to the axis of rotation 20, and a magnetostriction 
property changes according to operation torque, and ] ~ The detecting element 530 
which detects electrically the magnetostrictive effect produced around these lst-2nd 
permanent set section 524,525 at the lst-2nd permanent set section 524,525 is formed. 
It is the magnetostriction formula torque sensor processes the detecting signal of a 
detecting element 530 in the output circuit section 540, and it was made to output as a 
torque detecting signal. 

[0064] The fixed part 523-ed [ 3 ] is formed in this order, distance with the 5th example 
fixed to the axis of rotation 20 in the direction of an axial-length hand — having — the — 
the [ the fixed part 521-ed / 1 / and ] -- the [ the fixed part 522-ed / 2 / and ] - The 1st 
permanent set section 624 firom which a permanent set is given by twisting the fixed 
part 521,522-ed [ 2 ], and a magnetostriction property changes according to operation 
torque is formed, the — the [ 1 and ] — between the fixed parts 521,522-ed [ 2 ] — the — 
the [ 1 and ] — the — the [ 2 and ] — between the fixed parts 522,523-ed [ 3 ] ~ the — the 
[ 2 and ] — the fixed part 522,523-ed [ 3 ] — the ~ the [ 1 and ] — it is characterized by 
forming the 2nd permanent set section 525 from which a permanent set is given by 
twisting to an opposite direction, and a magnetostriction property changes according to 
operation torque in the fixed part 521,522-ed [ 2 ] The direction of the permanent set of 
the 2nd permanent set section 525 is a retrose to the direction of the permanent set of 
the 1st permanent set section 524. 

[0065] A detecting element 530 is formed so that the lst-2nd permanent set section 
524,525 of the axis of rotation 20 may be surrounded, the [ 1st multilayer solenoidal-coil 
532A wound around the tubed coil bobbin 531 and the tubed coil bobbin 531 to which 
the detecting element 530 let the axis of rotation 20 pass when stated in detail, and ] ~ 2 
multilayer solenoidal-coil 532B and the back yoke 533 for magnetic shielding 
surrounding the circumference of the lst-2nd multilayer solenoidal coils 532 A and 632B 
~ since ~ it becomes Hereafter, the thing of 1st multilayer solenoidal-coil 532A is called 
"1st coil 532A", and the thing of 2nd midtilayer solenoidal-coil 532B is called "2nd coil 
532B." 

[0066] 1st coil 532A has a minute opening from the peripheral face of the axis of rotation 
20, it is arranging in the magnetic circuit of the axis of rotation 20, and an impedance 
changes according to change of permeability when torque acts on the 1st permanent set 
section 524. 2nd coil 532B has a minute opening from the peripheral face of the axis of 
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rotation 20, it is arranging in the magnetic circuit of the axis of rotation 20, and an 
impedance changes according to change of permeability when torque acts on the 2nd 
permanent set section 525. 

[0067] Next, the procedure which forms the lst-2nd permanent set section 524,525 in 
the axis of rotation 20, and attaches a detecting element 530 to it is explained based on 
drawing 11 (a) - (e). (b) is the b-b line cross section of (a), (a) and it is shown in (b) — as ~ 
the [ of a couple ] - the [ 1 and ] - the [ 2 and ] - the fixed parts 521-523-ed [ 3 ] formed 
the peripheral face of the axis of rotation 20 by 2 beveling or beveling four times ~ it is 
the flat side of a couple at least for forming the lst-2nd permanent set section 524,525 
in the axis of rotation 20 ~ the [ of the upper and lower sides ] — the [ 1 and ] ~ the [ 2 
and ] — it is that hang tools 551-553 on the fixed parts 521-523-ed [ 3 ], and only a 
predetermined angle twists the axis of rotation 20, and a predetermined permanent set 
is given 

[0068] for example, - first - (a) - setting - each up-and-down ******** 521-523 - the 
tools 551-553 of the letter of 2 division (the shape of a half-rate) — guessing — a bolt 554 
~ it attaches in ... A tool 551 is the dislc-like member which combined the tool half 
objects 551A and 551B on either side. A tool 552 is the disk-lils^e member which 
combined the tool half objects 552A and 552B on either side. A tool 553 is the disli-like 
member which combined the tool half objects 553A and 553B on either side. 
[0069] Next, while fixing the up-and-down tool 551,553 in (c), the central tool 552 is 
twisted, or by twisting mutually the up-and-down tool 551,553 and the central tool 552 
to an opposite direction, add excessive torque predetermined time, the axis of rotation 
20 is made to deform plastically, and a permanent set is given. The torque added to the 
central tool 552 at this time is about 60-80 Kgf-m. The torque added to the up-and-down 
tool 551,553 is about 30-40 Kgf-m. 

[0070] Except for torque, tools 551-553 are removed from each ******** 521-523 afl;er 
that, thus, (d) ~ like ~ the [ among the axes of rotation 20 ] — the [ 1 and ] — the 
[ between the fixed parts 521,522-ed / 2 / and ] -- the [ 2 and ] ~ a permanent set can be 
given between the fixed parts 522,523-ed [ 3 ] The portion to which the permanent set 
was given among the axes of rotation 20 reaches 1st permanent set section 524, and 
serves as the 2nd permanent set section 525. this state ~ the — since a twist of an 
opposite direction is in the direction of an axial-length hand of the axis of rotation 20 
mutually bordering on the fixed part 522-ed [ 2 ], a reference line SL becomes spiral [ a 
vertical retrose ] Then, torque detection equipment 500 can be obtained by attaching a 
detecting element 530 to the axis of rotation 20 which formed the. lst-2nd permanent set 
section 524,525, as shown in (e). 

[0071] Drawing 12 is the circuit diagram of the torque detection equipment (the 5th 
example) concerning this invention. The output circuit section 540 of the torque 
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detection equipment of the 5th example consists of combination of 2 sets of circuit 
sections (the 1st circuit section 540Aand 2 circuit sections 540B), and amplifier 546. 1st 
circuit section 540A 1st coil 532A and resistance 541A of resistance regularity to series 
circuit 542A which carried out the series connection Impress alternating voltage from 
alternating-voltage source-of-supply 543A, change change of the impedance of 1st coil 
532A into alternating voltage, and it takes out as the 1st detecting signal of a detecting 
element 530. After rectifying the detecting signal of this alternating voltage by diode 
544A, it changes into the detecting signal of direct current voltage with few noises by 
low pass filter 545A, and is made to output the detecting signal of this direct current 
voltage to amplifier 546. 

[0072] 2nd circuit section 540B is the same circuitry as the above-mentioned 1st circuit 
section 540A. Tb series circuit 542B which carried out the series connection, 2nd coil 
532B and resistance 541B of resistance regularity Impress alternating voltage firom 
alternating-voltage source-of-supply 543B, change change of the impedance of 2nd coil 
532B into alternating voltage, and it takes out as the 2nd detecting signal of a detecting 
element 530. After rectifying the detecting signal of this alternating voltage by diode 
544B, it changes into the detecting signal of direct current voltage with few noises by 
low pass filter 545B, and is made to output the detecting signal of this direct current 
voltage to amplifier 546. 

[0073] Amplifier 546 circuit [ 1st ] section 540A Reaches, and amplifies the difference of 
each detecting signal from 2nd circuit section 540B (differential amplifier), and it is 
made to output it from an output terminal 547 as a torque detecting signal. 
[0074] In addition, the circuit which connected Diodes 544A and 544B to series circuits 
542A and 542B is a rectifier circuit. Low pass filters 545A and 545B are smoothing 
circuits which consist of resistance 548 and a capacitor 549. 

[0075] Drawing 13 (a) - (c) is the magnetostriction property view of the torque detection 
equipment (the 5th example) concerning this invention, it shows change of Tarque T 
which acts on the axis of rotation at a horizontal axis, shows change of the impedance of 
a coil to a vertical axis, and corresponds to above-mentioned drawing 3 . The 
magnetostriction property view in which (a) shows the 1st magnetostriction 
characteristic curve SP 1, the magnetostriction property view in which (b) shows the 
2nd magnetostriction characteristic curve SP 2, and (c) are the magnetostriction 
property views which compounded the above (a) and (b). 

[0076] The 1st magnetostriction characteristic curve SP 1 is a characteristic curve 
corresponding to 1st coil 532A, and is the same curve as the magnetostriction 
characteristic curve SP shown in above-mentioned drawing 3 . It is a torque zero by 
twisting the axis of rotation 20 for the torque zero Tl of the axis of rotation 20 adopted 
as torque detection equipment, and giving a permanent set. - As a result of shifting to 

21/44 



IDS 2002-257648 

T2 (torque T!=0), the 1st magnetostriction characteristic curve SP 1 is a torque zero. - A 
property on either side has an unsymmetrical property to the vertical line which passes 
along T2. That is, the torque operation start point was moved. 

[0077] Moreover, the 2nd magnetostriction characteristic curve SP 2 is a characteristic 
curve corresponding to 2nd coil 532B, and as shown in (c), it is a curve which has to the 
vertical line which passes along the torque zero T2, the 1st property magnetostriction 
characteristic curve SP 1 and symmetric£d, i.e., reverse property. As by twisting the axis 
of rotation 20 for the torque zero Tl of the axis of rotation 20 adopted as torque 
detection equipment to an opposite direction, and giving a permanent set shows to (b), 
as a result of shifting at the torque zero T2 (torque T!=0), the 2nd magnetostriction 
characteristic curve SP 2 has a property with an unsymmetrical property on either side 
to the vertical line which passes along the torque zero T2. That is, the torque operation 
start point was moved. 

[0078] Therefore, as shown in (c), it is a torque zero among the 1st and 2nd 
magnetostriction characteristic curve SPl and SP2. - The size of the absolute value of 
an impedance shows the direction and size of torque by using the ranges Al and A2 of 
the right-and-left regularity on the basis of T2 and T2. 

[0079] And the 5th example detects respectively change of the permeability produced in 
the lst-2nd permanent set section 524,525 which has a reverse magnetostriction 
property mutually by two of the lst-2nd coils 532 A and 532B, and it carries out the 
differential amplifier of these detecting signals, and it is made to output them as a 
torque detecting signal with amplifier 546. Corresponding to the temperature change of 
an external environment, the 1st magnetostriction characteristic curve SP 1 and the 
2nd magnetostriction characteristic curve SP 2 change similarly. For example, in the 
case of a temperature rise, as a dashed line shows, it changes. Therefore, if the 
difierential amplifier of each detecting signal according to the 1st and 2nd 
magnetostriction characteristic curve SPl and SP2 is carried out with amplifier 546 and 
an output is taken out, the value of the difference in a certain torque T will not change, 
when there is a temperature change. Therefore, the signal property which eliminated 
the influence of the temperature characteristic and was stabilized can be acquired, and 
the more excellent torque detecting signal which does not change to change of 
environmental temperature can be obtained. 

[0080] Torque zero whose the 1st and 2nd magnetostriction characteristic curve SPl 
and SP2 is furthermore the criteria of detection in the 5th example - Since it has the 
S3mimetrical property to the vertical line which passes along T2 and T2, troubleshooting 
of torque detection equipment 500 can be carried out by comparing two 
magnetostriction properties. For example, it can be judged that torque detection 
equipment 500 is out of order one half of the values adding each detection value 
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according to the 1st and 2nd magnetostriction characteristic curve SPl and SP2 when 
this value and a greatly different value are acquired, since it was fixed. 
[0081] It once returns to drawing 12 here, and explanation is continued. While detecting 
the magnetos trictive effect produced in the 1st permanent set section 524 by using the 
axis of rotation 20 to which the permanent set was given as mentioned above in 1st coil 
532A, the direction and size of torque which act on the axis of rotation 20 sire detectable 
by detecting the magnetostrictive effect produced in the 2nd permanent set section 525 
in 2nd coil 532B. That is, according to the torque which acts on the axis of rotation 20, 
the permeability of the lst-2nd permanent set section 524,525 can change, and the 
direction of torque and the value of torque can be detected by detecting change of the 
impedance in the lst-2nd coil 532 A and 532B at this time in the output circuit section 
540. 

[0082] Drawing 14 is drawing of longitudinal section of the electric power-steering 
equipment (the 5th example) concerning this invention, and is drawing corresponding to 
above-mentioned drawing 6 . The electric power-steering equipment 560 of the 5th 
example is characterized by carrying the torque detection equipment 500 shown in 
above-mentioned drawing 11 - drawing 13 . About other composition, it is the same as 
that of what is shown in above-mentioned drawing 4 - drawing 6 , and explanation is 
omitted. 

[0083] Drawing 15 (a) - (f) is manufacture [ a block diagram-cimi-] procedure 
explanatory drawing of the torque detection equipment (the 6th example) concerning 
this invention. The torque detection equipment 600 of the 6th example shown in (f) 
Reach the front face of the axis of rotation 20 1st magnetostriction film 601, and the 2nd 
magnetostriction film 602 is formed in it over a perimeter by the predetermined width 
of face W. The detecting element 530 which detects electrically the magnetostrictive 
effect produced on the lst-2nd magnetostriction film 601,602 around these lst-2nd 
magnetostriction film 601,602 is formed. It is the magnetostriction formula torque 
sensor processes the detecting signal of a detecting element 530 in the output circuit 
section 540, and it was made to output as a torque detecting signal. 
[0084] distance with the 6th example fixed to the axis of rotation 20 in the direction of 
an axial-length hand ~ having - the — the [ the fixed part 521-ed / 1 / and ] ~ the [ the 
fixed part 522-ed / 2 / and ] — the fixed part 533-ed [ 3 ] - this order ~ preparing - the ~ 
the [ 1 and ] - between the fixed parts 521,522-ed ~ the 1st magnetostriction film 601 ~ 
preparing ~ the - the - it is characterized by forming the 2nd magnetostriction film 602 
between the fixed parts 522,523-ed the film firom which, as for the 1st magnetostriction 
film 601, a magnetostriction property changes according to operation torque — it is ~ the 
~ the [ 1 and ] — distortion is given by twisting the fixed part 521,522-ed [ 2 ] the film 
fi*om which, as for the 2nd magnetostriction film 602, a magnetostriction property 
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changes according to operation torque — it is — the — the [ 2 and ] ~ the fixed psirt 
522,523-ed [ 3 ] ~ the — the [ 1 and ] ~ distortion is given by twisting to an opposite 
direction in the fixed part 521,522-ed [ 2 ] 

[0085] These lst-2nd magnetostriction film 601,602 is a film which consists of a large 
material of change of flux density to change of distortion, and is the same material as 
the magnetostriction film 201 of the 2nd example shown in above-mentioned drawing 7 , 
and consists of the same given thickness Mino deposit. 

[0086] As mentioned above, since the lst-2nd magnetostriction film 601,602 with which 
distortion was given was formed in the axis of rotation 20 When torque acts on the 
lst-2nd magnetostriction film 601,602 through the axis of rotation 20 Change of the 
impedance in the lst-2nd coil 532A and 532B which the permeability of the lst-2nd 
magnetostriction film 601,602 changes according to this torque, and is shown in 
above-mentioned drawing 12 at this time by detecting in the output circuit section 540 
The direction of torque and the value of torque are detectable. 

[0087] Next, the procedure which forms the lst-2nd magnetostriction film 601,602 with 
distortion in the axis of rotation 20 of the above-mentioned composition, and attaches a 
detecting element 530 to it is explained based on drawing 15 (a) - (f). (b) is the b-b line 
cross section of (a), (a) About the procedure shown in - (c), since it is the same as the 
procedure shown in above-mentioned drawing 11 (a) - (c), explanation is omitted. 
However, the torque and torque operation time at the time of twisting the axis of 
rotation 20 are smaller than the 5th example, and are a grade by which a permanent set 
does not remain in axis-of-rotation 20 the very thing. The torque added to the central 
tool 552 at this time is about 6-12 Kgf-m. The torque added to the up-and-down tool 
551,553 is about 3-6 Kgf-m. 

[0088] (d) shows the state where the axis of rotation 20 was twisted, this state — the ~ 
since a twist of an opposite direction is in the direction of an axial-length hand of the 
axis of rotation 20 mutually bordering on the fixed part 522-ed [ 2 ], a reference line SL 
becomes spiral [ a vertical retrose ] next, this state where it twisted ~ the peripheral 
face of the axis of rotation 20 — the [ and ] — the [ 1 and ] ~ the [ between the fixed parts 

521.522- ed 7 2/ and ] - the [ 2 and ] - the lst-2nd magnetostriction film 601,602 which 
consists of a deposit is formed in the predetermined position between the fixed parts 

522.523- ed [ 3 ] by performing plating processing In addition, in order to make easy an 
understanding of the "torsion state" of the lst-2nd magnetostriction fUm 601,602, the 
reference lines SLOl and SL02 prolonged in the direction of an axial-length hand on the 
firont face of the lst-2nd magnetostriction film 601,602 were indicated. In (d), since 
there is no twist in the lst-2nd magnetostriction film 601,602, reference lines SLOl and 
SL02 are straight lines of the direction of an axial-length hand. 

[0089] Then, except for torque, the torsional-couple state of the axis of rotation 20 is 
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restored, and tools 551-553 are removed from each up-and-down ******** 521-523. In 
this state, as shown in (e), since there is no twist in the axis of rotation 20, a reference 
hne SL retiirns to the straight line of the direction of an axial-length hand. Moreover, 
since a twist is in the lst-2nd magnetostriction film 601,602, reference lines SLOl and 
SL02 become spiral. Thus, distortion can be eternally given to the lst-2nd 
magnetostriction film 601,602 as a result by making the lst-2nd magnetostriction film 
601,602 transform eternally, as shown in (e). That is, distortion remains in the lst-2nd 
magnetostriction film 601,602 eternally only by returning the twisted axis of rotation 20. 
Then, torque detection equipment 600 can be obtained by attaching a detecting element 
530 to the axis of rotation 20 which formed the lst-2nd magnetostriction film 601,602 
like (f). 

[0090] Plating processing is performed between the fixed parts 522,523-ed [ 3 ]. in 
addition, the procedure of above-mentioned drawing 15 (a) - (f) ~ setting ~ the [ among 
the ** axes of rotation 20 ] ~ the [ 1 and ] - the [ between the fixed parts 521,522-ed 72/ 
and ] - the [ 2 and ] - By hanging tools 551-553 on ** each ******** 521-523, and 
twisting the axis of rotation 20, afi^er forming the lst-2nd magnetostriction film 601,602 
** By making the lst-2nd magnetostriction film 601,602 deform plastically, and giving a 
predetermined permanent set, you may give distortion eternally to the lst-2nd 
magnetostriction film 601,602 as a result. 

[0091] Next, the example which carried the torque detection equipment 600 of 
above-mentioned composition and operation in electric power-steering equipment is 
explained. Drawing 16 is drawing of longitudinal section of the electric power-steering 
equipment (the 6th example) concerning this invention, and is drawing corresponding to 
above-mentioned drawing 6 . The electric power-steering equipment 660 of the 6th 
example is characterized by using the axis of rotation 20 which formed the lst-2nd 
magnetostriction film 601,602 with which distortion was given. About other composition, 
it is the same as that of what is shown in above-mentioned drawing 14 , and explanation 
is omitted. 

[0092] Drawing 17 is drawing of longitudinal section of the electric power-steering 
equipment (the 7th example) concerning this invention, and is drawing corresponding to 
above-mentioned drawing 14 . The electric power-steering equipment 760 carrjdng the 
torque detection equipment 700 and the torque detection equipment 700 of the 7th 
example the torque detection equipment 500 and the electric power-steering equipment 
560 of the 5th example which are shown in above-mentioned drawing 11 - drawing 14 ~ 
receiving ~ the [ (1) ] - the [ the fixed part 521-ed I \ I and ], while abolishing the fixed 
part 523-ed [ 3 ] (2) — the spline bond part 25 or the serration bond part 25 of the axis of 
rotation 20 - the - the role of the fixed part 521-ed [ 1 ] - serving - the pinion 26 of the 
(3) axis of rotation 20 — the - the feature of having served as the role of the fixed part 
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523-ed [ 3 ] is carried out 

[0093] The axis of rotation 20 combines a wheel 86 with a part for the axial-length 
in-its-hands center section substantially as mentioned above at one. Consequently, the 
rigidity of the portion which combined the wheel 86 among the axes of rotation 20 is 
very large, while hanging a tool on the spline bond part 25 or the serration bond part 25 
— the [ a pinion 26 and ] — when a tool is hung on the fixed part 522-ed [ 2 ], these tools 
are turned and the axis of rotation 20 is twisted, the axis of rotation 20 is not deformed 
plastically to homogeneity over the whole direction of an axial-length hand namely, the 
axis of rotation 20 — the [ the spline bond part 25 or the serration bond part 25, and ] ~ 
the [ between the fixed parts 522-ed / 2 / and ] ~ plastic deformation occurs in a portion 
with the almost same cross section of the between [ parts for fixed part 522-ed 7 2/ and 
wheel 86 bond part (i.e., the direction) ] of a path Therefore, the lst-2nd permanent set 
section 524,525 of this 7th example can also acquire the same magnetostriction property 
as the 5th example shown in above-mentioned drawing 14 . And the number of the fixed 
parts-ed for hanging and twisting a tool and a fixture to the axis of rotation 20 is one 
sufficient. Therefore, the rigidity of the axis of rotation 20 can be raised more. 
[0094] Drawing 18 is drawing of longitudinal section of the electric power-steering 
equipment (octavus example) concerning this invention, and is drawing corresponding 
to above-mentioned drawing 16 . The electric power-steering equipment 860 carrying 
the torque detection equipment 800 and the torque detection equipment 800 of an 
octavus example the torque detection equipment 600 and the electric power-steering 
equipment 660 of the 6th example which are shown in above-mentioned drawing 15 - 
drawing 16 - receiving ~ the [ (1) ] - the [ the fixed part 521-ed 7 1/ and ], while 
abolishing the fixed part 523-ed [ 3 ] (2) - the spline bond part 25 or the serration bond 
part 25 of the axis of rotation 20 — the ~ the role of the fixed part 521-ed [ 1 ] — serving ~ 
the pinion 26 of the (3) axis of rotation 20 - the — the feature of having served as the 
role of the fixed part 523-ed [ 3 ] is carried out Also in an octavus example, the number 
of the fixed parts-ed for hanging and twisting a tool and a fixture to the axis of rotation 
20 is one sufficient like the 7th example of the above. Therefore, the rigidity of the axis 
of rotation 20 can be raised more. 

[0095] By the way, about the 7th example shown in the 5th example shown in 
above-mentioned drawing 11 - drawing 14 , and drawing 17 , while making in 
agreement the direction of the permanent set of the 2nd permanent set section 525 to 
the direction of the permanent set of the ** 1st permanent set section 524, you may set 
up to the amoimt of distortion of the ** 1st permanent set section 524, so that the 
amount of distortion of the 2nd permanent set section 525 may be differed. Moreover, 
about the octavus example shown in the 6th example shown in above-mentioned 
drawing 15 - drawing 16 , and drawing 18 , while making in agreement the direction 
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[ film / 2nd magnetostriction / 602 ] of distortion to the direction / film / ** 1st 
magnetostriction / 601 ] of distortion, you may set up to the amount of distortion of the 
** 1st magnetostriction film 601, so that the amount of distortion of the 2nd 
magnetostriction film 602 may be differed. Thus, as an example which sets up two 
distortion in this direction, the 5th example of the above is given and it explains based 
on above-mentioned drawing 11 - drawing 13 . 

[0096] In above-mentioned drawing 11 (c), by twisting the central tool 552 and the lower 
tool 553 in the same direction, while fixing the upper tool 551, add excessive torque 
predetermined time, the axis of rotation 20 is made to deform plastically, and a 
permanent set is given, the [ in this case, ] — the t 1 and ] ~ the torque added between 
the fixed parts 521,522-ed [ 2 ] - receiving - the - the [ 2 and ] — it sets up so that the 
torque added between the fixed parts 522,523-ed [ 3 ] may differ 

[0097] If torque is removed after that, while making in agreement the direction of the 
permanent set of the 2nd permanent set section 525 in the axis of rotation 20 of drawing 
11 (d) to the direction of the permanent set of the 1st permanent set section 524, it 
can set up to the amount of distortion of the 1st permanent set section 524 so that the 
amount of distortion of the 2nd permanent set section 525 may be differed (for example, 
small). In this state, since there is a twist of this direction in the direction of an 
axial-length hand of the axis of rotation 20 mutually, a reference line SL becomes spiral 
[ the vertical same direction ]. 

[0098] in this case, the circuit diagram of the 5th example shown in above-mentioned 
drawing 12 ~ the [ the detecting signal of 1st circuit section 540A, or ] — what is 
necessary is to input only the detecting signal of 2 circuit sections 540B into amplifier 
546, to amplify with amplifier 546, and just to make it the composition outputted as a 
torque detecting signal 

[0099] The magnetostriction property of the lst-2nd coil 532A and 532B in the 
modification of this 5th example comes to be shown in the magnetostriction property 
view of following drawing 19 instead of the magnetostriction property view of 
above-mentioned drawing 13 . Drawing 19 (a) - (c) is the magnetostriction property view 
of the torque detection equipment (modification of the 5th example) concerning this 
invention, it shows change of Torque T which acts on the axis of rotation at a horizontal 
axis, shows change of the impedance of a coil to a vertical axis, and corresponds to 
above-mentioned drawing 13 . The magnetostriction property view in which (a) shows 
the 1st magnetostriction characteristic curve SP 1, the magnetostriction property view 
in which (b) shows the 2nd magnetostriction characteristic curve SP 2, and (c) are the 
magnetostriction property views which compounded the above (a) and (b). 
[0100] The 1st magnetostriction characteristic curve SP 1 is a characteristic curve 
corresponding to 1st coil 532 A, is the same curve as the 1st magnetostriction 
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characteristic curve SP 1 shown in above-mentioned drawing 13 , and shifts the torque 
zero Tl at the torque zero T2. Moreover, although the 2nd magnetostriction 
characteristic curve SP 2 is a characteristic curve corresponding to 2nd coil 532B and it 
is the curve which has the same configuration as the 1st magnetostriction characteristic 
curve SP 1, the torque zero Tl is shifted at the torque zero T3 (torque T!=0). However, 
rather than the amount of distortion of the 1st permanent set section 524, since the 
amount of distortion of the 2nd permanent set section 525 was set up small, the torque 
zero T3 is between the torque zero Tl and the torque zero T2. 

[0101] Therefore, as shown in (c), the size of the absolute value of an impedance shows 
the direction and size of torque by using the ranges Al and A2 of the right-and-left 
regularity on the basis of the torque zeros T2 and T3 among the 1st and 2nd 
magnetostriction characteristic curve SPl and SP2. 

[0102] And this modification detects respectively change of the permeability produced in 
the lst-2nd permanent set section 524,525 by two of the lst-2nd coils 532Aand 532B as 
mentioned above, sends only one of these detecting signals to amplifier 546, and 
amplifies it with amplifier 546, and it is made to output it as a torque detecting signal. 
In addition, in this modification, troubleshooting of torque detection equipment 500 can 
be performed by comparing the detection value according to two magnetostriction 
properties like the 5th example of the above. That is, in this modification, the difference 
of two detection values according to the 1st and 2nd magnetostriction characteristic 
curve SPl and SP2 becomes fixed in the ranges Al and A2 of right-and-left regularity. 
Therefore, two detection values are compared, and when a greatly different value fi:'om 
the usual difference is acquired, it can be judged that torque detection equipment 500 is 
out of order. 

[0103] In addition, in the gestalt of the above-mentioned implementation, torque 
detection equipment is not limited to that with which electric power-steering equipment 
was equipped, and can be applied to various equipments. 

[0104] Moreover, it is changing mutually permeability change (composition) of the 
lst-2nd magnetostriction film 601,602, and you may make it acquire the 
magnetostriction property of a mutually different inclination in the torque detection 
equipment 800 of the octavus example shown in torque detection equipment 600 and 
above-mentioned drawing 18 of the 6th example shown in above-mentioned drawing 15 . 
For example, the lst-2nd magnetostriction film 601,602 of a deposit with which 
permeability change difiers mutually (composition differs) is formed by performing 
plating processing, where predetermined torque is added to the axis of rotation 20. As 
instantiation of mutually different composition, the 1st magnetostriction film 601 is an 
alloy film of the nickel-Fe system containing 50 % of the weight of nickel, and the 2nd 
magnetostriction film 602 is an alloy film of the nickel-Fe system containing 50 % of the 
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weight of nickel. 

[0105] The lst-2nd coil 532 A and 532B detects the magnetostriction property of an 
inclination that the lst-2nd magnetostriction films 601,602 differ mutually, with the 
amplifier 546 of above-mentioned drawing 12 , the differential amplifier of these 
detecting signals can be carried out, and they can be outputted as a torque detecting 
signal. Also in this case, the signal property which eliminated the influence of the 
temperatiu*e characteristic and was stabilized can be acquired. Moreover, 
troubleshooting of torque detection equipment 600,800 can be carried out by comparing 
two magnetostriction properties. 
[0106] 

[Effect of the Invention] this invention demonstrates the following effect by the 
above-mentioned composition. Since the claim 1 set as the axis of rotation of torque 
detection equipment the shaft of one which is not divided into a torque input side and a 
torque output side, when torque acts, its angle of torsion of the axis of rotation is very 
small, and it ends. Therefore, the delay of the torque transfer time from a torque input 
side to the torque output side of the axis of rotation in torque detection equipment is 
cancelable. 

[0107] Furthermore, a claim 1 has a fixed distance in the direction of an axial-length 
hand, and prepares the fixed part-ed of a couple in the axis of rotation. The permanent 
set section from which a permanent set is given by twisting a fixed part-ed between the 
fixed parts-ed of these couples, and a magnetostriction property changes according to 
operation torque is prepared. Since the detecting element which detects electrically the 
magnetostrictive effect produced around this permanent set section at the permanent 
set section was prepared Although angle of torsion of the axis of rotation is very small, 
torque is certainly detectable by detecting the magnetostrictive effect produced in the 
permanent set section according to torque by the detecting element. 
[0108] A claim 1 can prepare the permanent set section which gave the exact permanent 
set to the axis of rotation between fixed parts-ed among the axes of rotation by hanging 
and twisting a tool and a fixture to the fixed part-ed of a couple since it has a fixed 
distance in the direction of an axial-length hand and the fixed part-ed of a couple was 
prepared in it further again. By giving a permanent set to the axis of rotation, the zero 
of the magnetostriction characteristic curve of the portion which has the permanent set 
section can be shifted to the zero before giving a permanent set. Therefore, the direction 
and size of torque which act on the axis of rotation are promptly [ certainly and ] 
detectable with easy composition by detecting the magnetostrictive effect produced in 
the permanent set section in a detecting element. 

[0109] Since the claim 2 set as the axis of rotation of torque detection equipment the 
shaft of one which is not divided into a torque input side and a torque output side, when 
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torque acts, its angle of torsion of the axis of rotation is very small, and it ends. 
Therefore, the delay of the torque transfer time from a torque input side to the torque 
output side of the axis of rotation in torque detection equipment is cancelable. 
[0110] Furthermore, a claim 2 has a fixed distance in the direction of an axial-length 
hand, and prepares the fixed part-ed of a couple in the axis of rotation. And the 
magnetostriction film with which distortion was given by consisting of a deposit from 
which a magnetostriction property changes between the fixed parts-ed of a couple 
according to operation torque, and twisting the fixed part-ed of a couple is prepared over 
a perimeter by predetermined width of face, the front face of the axis of rotation — 
Torque is certainly detectable by detecting the magnetostrictive effect produced to it at a 
magnetostriction film according to torque although angle of torsion of the axis of 
rotation is very small to it, since the detecting element which detects electrically the 
magnetostrictive effect produced on the magnetostriction film was prepared around this 
magnetostriction film by the detecting element. 

[0111] A claim 2 can prepare the magnetostriction film which gave an exact distortion to 
the axis of rotation between fixed parts-ed among the axes of rotation by hanging and 
twisting a tool and a fixture to the fixed part-ed of a couple since it has a fixed distance 
in the direction of an axial-length hand and the fixed part-ed of a couple was prepared 
in it further again. By preparing the magnetostriction film which gave distortion in the 
axis of rotation, the zero of the magnetostriction characteristic curve of a 
magnetostriction film can be shifted to the zero before giving distortion. Therefore, the 
direction and size of torque which act on the axis of rotation are promptly [ certainly 
and ] detectable with easy composition by detecting the magnetostrictive effect 
produced on the magnetostriction film in a detecting element. 

[0112] Furthermore, a claim 2 only has [ to which distortion is given to a 
magnetostriction film ] the small torque which twists the axis of rotation, and ends. 
This torque is a grade which twists the axis of rotation loosely in an elastic field. Since it 
is not necessary to input excessive torque into a fixed part-ed, management of torque is 
still easier and can make precision of torque high. And since it is the grade which twists 
the axis of rotation loosely in an elastic field, the facility which inputs torque into a fixed 
part-ed can be carried out to easy and lightweight composition. Furthermore, since the 
input torque is small, the fixed part-ed prepared in the axis of rotation can be made 
small. The torsional rigidity of the axis of rotation can be raised more by making the 
part and the axis of rotation into a major diameter. 

[0113] Since the claim 3 set the shaft of one which is not divided into a torque input side 
and a torque output side as the axis of rotation of the torque detection equipment 
carried in electric power-steering equipment, when steering torque acts, its angle of 
torsion is very small, and it ends. For this reason, a time lag does not arise in operation 
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of a steering wheel to steering of a steering wheel. Therefore, the responsibility of the 
electric power-steering equipment which is made to generate the aiixiliary torque 
according to steering torque, and is assisted can be raised more. For this reason, 
steering feeling can be raised more. By decreasing auxiliary torque especially according 
to the increase in the vehicle speed, even if it is the case where it is made to increase the 
feeling of a response of a steering wheel, angle of torsion of the axis of rotation is very 
small, and ends. For this reason, when a steering wheel is steered, the steering angle 
can be directly transmitted to a steering wheel, and good clever steering of 
responsibility is attained. 

[0114] Furthermore, since the spline bond part or serration bond part of the axis of 
rotation serves as the role of one fixed part-ed and the pinion of the axis of rotation 
served as the role of the fixed part-ed of another side, a claim 3 does not need to prepare 
the fixed part-ed for hanging and twisting a tool and a fixture. Therefore, the rigidity of 
the axis of rotation can be raised more. 

[0115] Since the claim 4 set as the axis of rotation of torque detection equipment the 
shaft of one which is not divided into a torque input side and a torque output side, when 
torque acts, its angle of torsion of the axis of rotation is very small, and it ends. 
Therefore, the delay of the torque transfer time fi^om a torque input side to the torque 
output side of the axis of rotation in torque detection equipment is cancelable. 
[0116] the distance in the direction of an axial-length hand to the axis of rotation with a 
still more fixed claim 4 — having — the — a fixed part-ed [ 1 ] ~ the — the [ a fixed part-ed 
7 2/ and ] — a fixed part-ed [ 3 ] — this order — preparing — the [ these ] — the [ 1 and ] — 
between fixed parts-ed [ 2 ] The 1st permanent set section fi'om which a permanent set 
is given by twisting a fixed part-ed [ 2 ], and a magnetostriction property changes 
according to operation torque is prepared, the ~ the [ 1 and ] ~ The 2nd permanent set 
section firom which a permanent set which is different fi*om the 1st permanent set 
section by twisting a fixed part-ed [ 3 ] is given, and a magnetostriction property 
changes according to operation torque is prepared, the ~ the [ 2 and ] - between fixed 
parts-ed [ 3 ] ~ the ~ the [ 2 and ] ~ Since the detecting element which detects 
electrically the magnetostrictive effect produced around these lst-2nd permanent set 
section at the lst-2nd permanent set section was prepared Although angle of torsion of 
the axis of rotation is very small, torque is certainly detectable by detecting the 
magnetostrictive effect produced in the lst-2nd permanent set section according to 
torque by the detecting element. 

[0117] distance with a claim 4 fixed to the axis of rotation in the direction of an 
axial-length hand further again — having ~ the ~ the [ 1 and ] — the [ 2 and ], since the 
fixed part-ed [ 3 ] was prepared the — the [ 1 and ] - the [ 2 and ] ~ twisting the tool 
hung on the fixed part-ed [ 3 ], and a fixture — the inside of the axis of rotation - the - 
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the [ 1 and ] - the [ 2 and ] - the lst-2nd permanent set section which differed mutually 
and gave the exact permanent set can be prepared between fixed parts-ed [ 3 ] . By 
giving a permanent set to the axis of rotation, the zero of the magnetostriction 
characteristic curve of the portion which has the lst-2nd permanent set section can be 
shifted to the zero before giving a permanent set. Therefore, the direction and size of 
torque which act on the axis of rotation are promptly [ certainly and ] detectable with 
easy composition by detecting the magnetostrictive effect produced in the lst-2nd 
permanent set section in a detecting element. And the magnetostrictive effect by 
mutually different magnetostriction property produced in the lst-2nd permanent set 
section is detectable in a detecting element. Therefore, troubleshooting of torque 
detection equipment can be carried out by comparing two different detection values. 
Moreover, if the difference of two different detection values changes in torque 
measuring range, by catching the difference of these detecting signals, it can acquire the 
signal property which eliminated the influence of the temperature characteristic and 
was stabilized, and can obtain the more excellent torque detecting signal which does not 
change to change of environmental temperature. 

[0118] Since the claim 5 set as the axis of rotation of torque detection equipment the 
shaft of one which is not divided into a torque input side and a torque output side, when 
torque acts, its angle of torsion of the axis of rotation is very small, and it ends. 
Therefore, the delay of the torque transfer time from a torque input side to the torque 
output side of the axis of rotation in torque detection equipment is cancelable. 
[0119] the distance in the direction of an axial -length hand to the axis of rotation with a 
still more fixed claim 5 ~ having — the — a fixed part-ed [ 1 ] ~ the ~ the [ a fixed part-ed 
7 2/ and ] — a fixed part-ed [ 3 ] — this order — preparing — the front face of the axis of 
rotation — the [ and ] — the [ 1 and ] — between fixed parts-ed [ 2 ] The 1st 
magnetostriction film with which distortion was given by twisting a fixed part-ed [ 2 ] is 
prepared over a perimeter by predetermined width of face, from the deposit from which 
a magnetostriction property changes according to operation torque - becoming — the - 
the [ 1 and ] ~ The 2nd magnetostriction film with which distortion was given by 
twisting to an opposite direction with a fixed part-ed [ 2 ] is prepared over a perimeter 
by predetermined width of face, the front face of the axis of rotation — the [ and ] ~ the 
[ 2 and ] ~ from the deposit from which a magnetostriction property changes between 
fiixed parts-ed [ 3 ] according to operation torque ~ becoming — the — the [ 2 and ] — a 
fixed part-ed [ 3 ] — the — the [ 1 and ] — around these lst-2nd magnetostriction film 
Since the detecting element which detects electrically the magnetostrictive effect 
produced on the lst-2nd magnetostriction film was prepared, although angle of torsion 
of the axis of rotation is very small, torque is certainly detectable by detecting the 
magnetostrictive effect produced on the lst-2nd magnetostriction film according to 
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torque by the detecting element. 

[0120] distance with a claim 5 fixed to the axis of rotation in the direction of an 
axial-length hand further again — having — the — the [ 1 and ] — the [ 2 and ], since the 
fixed part-ed [ 3 ] was prepared the — the [ 1 and ] — the [ 2 and ] — twisting the tool 
hung on the fixed part-ed [ 3 ], and a fixture ~ the inside of the axis of rotation ~ the ~ 
the [ 1 and ] — the [ 2 and ] — the lst-2nd magnetostriction film which differed mutually 
and gave an exact distortion can be prepared between fixed parts-ed [ 3 ] By giving 
distortion to the lst-2nd magnetostriction film, the zero of the magnetostriction 
characteristic curve of the portion which has the lst-2nd magnetostriction film can be 
shifted to the zero before giving distortion. Therefore, the direction and size of torque 
which act on the axis of rotation are promptly [ certainly and ] detectable with easy 
composition by detecting the magnetostrictive effect produced on the lst-2nd 
magnetostriction film in a detecting element. And the magnetostrictive effect by 
mutually different magnetostriction property produced on the lst-2nd magnetostriction 
film is detectable in a detecting element. Therefore, troubleshooting of torque detection 
equipment can be carried out by comparing two different detection values. Moreover, if 
the difference of two different detection values changes in torque measuring range, by 
catching the difference of these detecting signals, it can acquire the signal property 
which eliminated the influence of the temperature characteristic and was stabilized, 
and can obtain the more excellent torque detecting signal which does not change to 
change of environmental temperature. 

[0121] Furthermore, a claim 5 only has [ to which distortion is given to the lst-2nd 
magnetostriction film ] the small torque which twists the axis of rotation, and ends. 
This torque is a grade which twists the axis of rotation loosely in an elastic field, the — 
the [ 1 and ] - the [ 2 and ] ~ since it is not necessary to input excessive torque into a 
fixed part-ed [ 3 ], management of torque is still easier and can make precision of torque 
high and ~ since it is the grade which t^sts the axis of rotation loosely in an elastic 
field — the ~ the [ 1 and ] — the [ 2 and ] ~ the facility which inputs torque into a fixed 
part-ed [ 3 ] can be carried out to easy and lightweight composition the [ furthermore, / 
which is prepared in the axis of rotation since the input torque is small ] ~ the [ 1 and ] 
- the [ 2 and ] — a fixed part-ed [ 3 ] can be made small The torsional rigidity of the axis 
of rotation can be raised more by making the part and the axis of rotation into a major 
diameter. 

[0122] Since the claim 6 set the shaft of one which is not divided into a torque input side 
and a torque output side as the axis of rotation of the torque detection equipment 
carried in electric power-steering equipment, when steering torque acts, its angle of 
torsion is very small, and it ends. For this reason, a time lag does not arise in operation 
of a steering wheel to steering of a steering wheel. Therefore, the responsibility of the 
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electric power-steering equipment which is made to generate the auxiliary torque 
according to steering torque, and is assisted can be raised more. For this reason, 
steering feeling c£in be raised more. By decreasing auxiliary torque especially according 
to the increase in the vehicle speed, even if it is the case where it is made to increase the 
feeling of a response of a steering wheel, angle of torsion of the axis of rotation is very 
small, and ends. For this reason, when a steering wheel is steered, the steering angle 
can be directly transmitted to a steering wheel, and good clever steering of 
responsibility is attained. 

[0123] further ~ a claim 6 - the spline bond part or serration bond part of the axis of 
rotation — the — the role of a fixed part-ed [ 1 ] ~ serving — the pinion of the axis of 
rotation — the — as the fixed part-ed for hanging and twisting a tool and a fixture, since 
it served as the role of a fixed part-ed [ 3 ] - the — only a fixed part-ed [ 2 ] is required 
Therefore, the rigidity of the axis of rotation can be raised more. 

[Brief Description of the Drawings] 

[Drawing 1] ISf anufacture [ a block diagram-ciun-] procedure explanatory drawing of the 
torque detection equipment (the 1st example) concerning this invention 
[Drawing 2] The circuit diagram of the torque detection equipment (the 1st example) 
concerning this invention 

[Drawing 3] The magnetostriction property view of the torque detection equipment (the 
1st example) concerning this invention 

[Drawing 4] The ** type view of the electric power-steering eqvdpment (the 1st example) 
concerning this invention 

[Drawing 5] The whole electric power-steering equipment (1st example) block diagram 
concerning this invention 

[Drawing 6] The 6-6 line cross section of drawings 

[Drawing 7] Manufacture [ a block diagram-cum-] procedure explanatory drawing of the 
torque detection equipment (the 2nd example) concerning this invention 
[Drawing 8] Drawing of longitudinal section of the electric power-stiBering equipment 
(the 2nd example) concerning this invention 

[Drawing 9] Drawing of longitudinal section of the electric power-steering equipment 
(the 3rd example) concerning this invention 

[Drawing 10] Drawing of longitudinal section of the electric power-steering equipment 
(the 4th example) concerning this invention 

[Drawing 11] Manufacture [ a block diagram-cum-] procedure explanatory drawing of 
the torque detection equipment (the 5th example) concerning this invention 
[Drawing 12] The circuit diagram of the torque detection equipment (the 5th example) 
concerning this invention 
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[Drawing 13] The magnetostriction property view of the torque detection eqmpment 
(the 5th example) concerning this invention 

[Drawing 14] Drawing of longitudinal section of the electric power-steering equipment 
(the 5th example) concerning this invention 

[Drawing 15] Manufacture [ a block diagram-cvim-] procedure explanatory drawing of 
the torque detection equipment (the 6th example) concerning this invention 
[Drawing 16] Drawing of longitudinal section of the electric power-steering equipment 
(the 6th example) concerning this invention 

[Drawing 17] Drawing of longitudinal section of the electric power-steering equipment 
(the 7th example) concerning this invention 

[Drawing 181 Drawing of longitudinal section of the electric power-steering equipment 
(octavus example) concerning this invention 

[Drawing 19] The magnetostriction property view of the torque detection equipment 
(modification of the 5th example) concerning this invention 
[Description of Notations] 

10, 200, 300, 400, 500,600,700,800 - Torque detection equipment (steering torque 
sensor), 20 [ — Permanent set section, ] — 21 The axis of rotation (pinion shaft), 22 — The 
fixed part-ed of a couple, 23 25 ~ A spline bond part or a serration bond part, 26 — 
Pinion, 30,530 ~ A detecting element, 60, 260, 360, 460, 560,660,760,860 ~ Electric 
power-steering equipment, 70 [ — Universal coupling, ] — A steering system, 71 ~ The 
steering wheel for vehicles, 73 75 ~ raclc-and-pinion mechanism and 79 — the [ a 
steering wheel, a 201 — magnetostriction film, and / 521 — ] — the [ a fixed part-ed / 1 / 
and / 522 -- ] -- the [ a fixed part-ed / 2 / and / 523 - ] - a fixed part-ed [ 3 ], the 524 - 1st 
permanent set section, and 525 ~ the 2nd permanent set section, the 601 — 1st 
magnetostriction film, and the 602 ~ 2nd magnetostriction film 
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[Drawing 6] 
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[Drawing 13] 
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[Drawing 15] 
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[Drawing 17] 
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